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the milk is constantly guarded against 
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COMPARISON OF LIMESTONE AND SODIUM BICARBONATE AS 
NEUTRALIZERS FOR PHOSPHORIC ACID 
OAT SILAGE* 


W. A. KING 


Departments of Dairy Husbandry and Agricultural Biochemistry, New Jersey Agricultural 
Experiment Station and Rutgers University, New Brunswick, N. J. 


Ever since mineral acids became popular as preservatives for silage it 
has been customary to feed neutralizers such as limestone and sodium bicar- 
bonate with the mineral acid silages. Limestone has been the most com- 
monly used, mainly because of its low cost and its calcium content. Both 
limestone and sodium bicarbonate have been used in many experiments 
(1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 13) to neutralize the mineral acids without too 

_much distinction between their effectiveness as neutralizing agents. There 
is some evidence in the literature (3, 4, 7, 11), however, that limestone is not 
as efficient a neutralizer as sodium bicarbonate. Brouwer (3) found sodium 
bicarbonate to be twice as efficient as limestone for the neutralization of 
A.IL.V. acid silage fed to milking cows, and Rottensten (11) observed that 
limestone only partly counteracted the acid action of the A.I.V. silage fed 
to steers, whereas sodium bicarbonate was much more effective. Mollgaard 
and Thorbek (7) fed A.I.V. acid silage to cattle with and without neutral- 
izers and observed that sodium bicarbonate counteracted the acid of the 
silage completely, whereas limestone did not in the amounts which they fed. 
However, a serious objection to the use of limestone or sodium bicarbonate 
for neutralizing the acid, was that a progressive fall in the digestibility of 
the silage nutrients, particularly the crude protein, occurred upon partial 
neutralization by limestone and upon complete neutralization by sodium 
bicarbonate. The metabolizable energy likewise decreased. The feeding 
of beet roots was recommended, since the acid was thus neutralized satisfac- 

Received for publication March 1, 1943. 

* Herman Frasch Foundation for Research in Agricultural Chemistry, Paper No. 221. 
This project was under the direction of a committee of the Departments of Agricultural 
Biochemistry and Dairy Husbandry consisting of W. C. Russell (Agricultural Biochem- 
istry), Chairman, J. W. Bartlett (Dairy), C. B. Bender (Dairy), O. F. Garrett (Dairy), 
O. L. Lepard (Dairy) and H. J. Metzger (Agricultural Biochemistry). 

Journal Series paper of the New Jersey Agricultural Experiment Station, Rutgers 
University, Departments of Dairy Husbandry and Agricultural Biochemistry. 
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torily and no depression of digestibility took place. Eaton (4) found that 
limestone counteracted the acid of phosphoric acid oat and pea silage satis- 
factorily but not that of phosphoric acid oat silage. Limestone and sodium 
bicarbonate fed together in equivalent amounts to neutralize two hydrogens 
of the acid in the phosphoric acid oat silage completely maintained normal 
acid-base equilibrium of heifers, and mixed hay, also, showed some value in 
this respect. Lepard et al. (6) reported that either a legume hay or lime- 
stone could be used to maintain a normal condition when phosphoric acid 
grass silages were fed. Perkins and Monroe (9) observed that alfalfa hay 
was much more effective than ground limestone in restoring the urinary 
reactions to normal when A.I.V. acid silage was fed. Furthermore, work 
at this Station (5) indicated that additions of limestone counteracted the 
acid in phosphoric acid alfalfa silage fed to milking cows. The above in- 
vestigations indicate that legumes, whether in hay or in silage, have a definite 
neutralizing effect when acid silage is fed, and that sodium bicarbonate is 
more effective than limestone in neutralizing the acid of the mineral acid 
silages. 


EXPERIMENTAL 


The experiments here reported ran concurrent with a series of experi- 
ments in which the nutritive value of the oat plant, as a silage in a dairy cow 
ration, was being investigated. The animals were fed only phosphoric acid 
oat silage and salt, and a neutralizer as indicated, or, as in the case of three 
cows, the silage was supplemented with mixed alfalfa-timothy hay and a 
grain mixture. Because the cows that were fed the silage alone could not 
consume sufficient nutrients for both maintenance and good milk production, 
the average production was only about 15 pounds but the animals remained 
in fair condition. The first part of the experiment was conducted during 
the winter of 1941-42 and the remainder during the following summer on 
the same silage. Both the limestone and the sodium bicarbonate were com 
mercial products. 

The oat silage was preserved with 20 pounds of 68 per cent phosphoric 
acid per ton of green material, the acid being diluted with an equal weight 
of water to assure more uniform distribution. The oats were in the milk 
stage at the time of ensiling and the silage was of good quality. 

The CO,-combining capacity of the blood plasma and the fixed CO, of 
the urine were determined with a Van Slyke manometric gas apparatus 
(10). The pH of the urine was determined with a Beckman glass electrode 
pH meter and the urinary ammonia by Folin’s aeration method as modified 
by Steele (12). In every case the urine samples were a portion of a 24-hour 
collection. The blood and urine examinations were made at various inter- 
vals throughout the experiment as indicated. 
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RESULTS. 


A preliminary period of two weeks was used in which the ration was 
changed from that of the milking herd to the experimental ration. The 
values (table 1) expressed at zero days of experiment are actually averages 


TABLE 1 


Physiological reactions of cows fed phosphoric acid oat silage with 
and without neutralizers 


403 435 . 437 
Days Urine Urine Urine 
of (24-hr. sample) ma (24-hr. sample) (24-hr. sample) 
comb comb. comb 
Fixed Fixed Fixed 
cap. pH NH; co, cap. pH NH, co, cap. pH NH, co, 
vol. % mg. mM | vol. % mg. mM | vol. % mg. mM 
No neutralizer No neutralizer No neutralizer 
0 51.7 7.96 138 811 50.1 8.05 60 377 55.3 7.97 135 259 
5.50 524 36 mis ee 5.66 267 12 
11 42.1 5.82 1885 15 32.1 5.63 1347 20 42.3 5.69 2805 13 
* 20 40.6 5.92 2240 27 28.2 5.95 1872 24 36.8 5.84 2001 20 
CaCO, - 2H CaCO, - 2H CaCO, — 2H 
41 48.4 648 784 66 46.5 5.90 894 12 51.2 5.84 882 13 
56 51.9 5.36 862 22 48.0 5.75 2078 20 57.3 5.62 1266 7 
CaCO, -1H; 
CaCO, - 3H * “NaHCO, - 1H 
65 56.7 7.94 83 840 49.8 5.74 489 17 65.9 7.82 32 793 
CaCO, - 3H CaCO, - 3H 
75 hes 7.82 8.08 24 §12 
86 56.4 7.03 285 147 44.7 7,42 69 384 59.6 8.01 93 351 
CaCO, - 2H ‘ CaCO, - 2H CaCO, - 2H 
97 = 7.35 32 279 83 167 
107 44.1 5.08 1332 25 36.1 5.55 2742 43 38.2 5.25 1210 19 
5.24 1404 20 §25 855 17 
121 53.3 5.10 230 11 41.9 5.38 551 11 53.0 5.20 1174 12 
CaCO, -1H; 
NaHCO, - 1H NaHCO, - 1H 
128 48.0 5.12 1306 22 53.5 6.62 49 83 55.0 551 339 13 
149 46.8 6.19 228 27 61.8 7.50 99 509 50.5 658 198 31 


of two different examinations of the cows’ blood and urine while the herd 
ration was being fed. The different neutralizers with the amounts fed are 
shown in tables 1 and 2. For example, CaCO, — 2H means that ground lime- 
stone was fed in sufficient amounts to neutralize two hydrogens of the phos- 
phorie acid that was present in the silage consumed. 

For the first 28 days, including the preliminary period, the phosphoric 
. acid oat silage was fed alone. The progressive effect of the acid silage on 
all three animals, 403, 435, and 437, was very evident in both urine and blood 
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(table 1). The pH of the urine dropped from an average of 8 to 5.9, the 
ammonia excretion increased from an average of 111 mg. per 24 hours to 
over 2000 mg. and the fixed CO, decreased from 482 mM to about 20 mM per 
24 hours. The drop in the CO,-combining capacity of the blood plasma 
averaged 17.3 volumes per cent. These reactions of the cows to the acid 
silage were large and a decided change in appearance of the animals was 
soon evident. The cows consumed less than 50 pounds of silage per day 
(one as low as 30 pounds) and there was an average loss of 138 pounds of 
live weight, along with an 18-pound drop in milk production. Some of 
this response, but not all, can be explained by the insufficient consumption of 


nutrients. 
TABLE 2 


Physiological reactions of cows fed phosphoric acid oat silage with and 
without sodium bicarbonate 


416 427 468 
Days Urine Urine Urine 
of —— (24-hr. sample) — (24-hr. sample) omg (24-hr. sample) 
F Fixed Fixed Fixed 
cap. pH NH; co, cap. pH NH, co, cap. pH NH, co, 
vol. % mg. mM |vol.% mg. mM | vol. % mg. mM 
No neutralizer No neutralizer No neutralizer 
0 | 525 8.15 58 1644 51.3 8.17 194 1902 53.0 7.92 50 1862 
7 46.0 5.15 4210 9 45.0 5.80 5916 44 42.0 5.45 5774 15 
14 41.6 4.92 2438 4 | 38.6 5.18 3416 3 | 45.3 5.25 5354 6 
NaHCoO, - 1H NaHCO, - 1H 
21 | 510 5.65 734 14 | 468 5.83 415 20 | 39.4 5.29 6119 5 
28 54.5 5.63 381 7 | 50.8 5.95 364 11 32.4 5.30 4904 2 
NaHCO, - 2H NaHCO, - 2H NaHCo, - 2H 
35 | 54.4 7.73 83 580 | 57.4 7.80 73 574 | 57.6 8.20 42 1227 


At the end of the 28-day period it was decided to supplement the 
ration with limestone sufficient to neutralize two hydrogens of the phos- 
phorie acid in the silage. The most obvious result was the improvement in 
general appearance. The silage consumption increased and the cows gained 
some weight. The CO,-combining capacity of the blood plasma returned 
essentially to the previous normal level and some temporary improvement in 
the urine was evident. After 28 days (56th day of experiment) of this 
regime, a quantity of limestone sufficient to neutralize all three hydro- 
gens of the phosphoric acid was fed to cow 403, cow 435 was continued 
as before as a control animal, and cow 437 was fed limestone and sodium 
bicarbonate in chemically equivalent amounts to neutralize two hydrogens. 
Cows 403 and 437 showed an immediate response. The urine of both 
showed normal acid-base equilibrium nine days later (65th day of experi- 
ment) and the CO,-combining capacity of the plasma had increased, 
especially in 437. 
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Since the response of cow 403 indicated that limestone sufficient to 
neutralize all three hydrogens of the phosphoric acid in the oat silage was 
necessary to counteract the acid, it was decided that all three cows should 
be fed this amount for the next 21 days during which time collections were 
to be made for digestion and balance studies. These additional studies were 
concluded on the 86th day of experiment. During this latter period the 
blood and urine of cows 403 and 437 remained normal, the urine of cow 435 
returned to normal but her blood plasma showed a decrease in the CO.-com- 
bining capacity. In view of the urine being normal this plasma value seems 
to be an error. Amounts as high as 12 ounces of limestone per day were 
fed in this period to cow 435. 

Previous trials had shown that limestone fed in sufficient quantity to 
neutralize two hydrogens of the phosphoric acid in the oat silage was not 
very efficient in correcting the acid condition of the urine in a curative role, 
but it was thought that limestone in similar amounts might prove more 
beneficial if it were fed as a preventive. This measure was tried with all 
three cows for 35 days from the 86th to 121st day of experiment. Here again 
limestone failed to prevent the acid condition that soon became apparent in 
the urine. There was a lag period, however, of at least 21 days before this 
condition appeared, possibly due to a residual effect of the feeding of a 
larger quantity of limestone in the preceding period. 

Inasmuch as good results had been obtained with supplements of sodium 
bicarbonate in a previous period it was decided to study further the 
effectiveness of this compound. With cow 403 left as a control animal on 
the limestone sufficient to neutralize two hydrogens, cow 435 was fed 
limestone and sodium bicarbonate in equivalent amounts to neutralize two 
hydrogens of the phosphoric acid in the oat silage and cow 437 was fed 
sodium bicarbonate to neutralize one hydrogen. Again, the combination 
of limestone and sodium bicarbonate fed to cow 435 proved more efficacious 
than limestone sufficient to neutralize three hydrogens. Sodium bicar- 
bonate improved the condition of the urine of cow 437 somewhat over the 
“*2 hydrogen-limestone’’ basis. 

To supplement further the study of the value of sodium bicarbonate, 
three more cows were fed phosphoric acid oat silage alone for 14 days and 
at the end of this period all three showed a definite acid condition of the 
blood and urine (table 2). At this time the rations of two cows, 416 and 427, 
were supplemented with sufficient sodium bicarbonate to neutralize one 
hydrogen of the acid, while cow 468 was continued as a control animal. There 
was an immediate return toward normal of the ammonia and pH of the urine 
of cows 416 and 427, but the change in fixed CO, was not marked. The 
CO.-combining capacity of the blood plasma returned to normal. Even so, 
this showed that the results were as good as, or better than, those obtained 
when sufficient limestone was fed to neutralize two hydrogens of the 
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phosphoric acid. After being fed sodium bicarbonate on this basis for 14 
days, each of the three cows was given a quantity of sodium bicarbonate suf- 
ficient to neutralize two hydrogens of the acid. The response was immediate 
and complete. The blood and urine examinations seven days later showed 
completely normal acid-base equilibrium. 

Attention should be directed to the high acid reaction, pH 4.92, of the 
urine of cow 416 at 14 days of experiment. Also the ammonia excretion 
values of 5916 and 6119 mg. per 24 hours of cows 427 and 468 respectively 
are high. 

Another interesting observation was made on an additional group of 
three cows (table 3) which received phosphoric acid oat silage supplemented 


TABLE 3 


Physiological reactions of cows fed phosphoric acid oat silage supplemented with mixed 
hay and 2 per cent limestone in the grain mixture 


392 423 426 
Days Urine Urine Urine 
of — (24-hr. sample) — (24-hr. sample) ay (24-hr. sample) 
| comb. comb. —— | comb. 
cap. pH NH, cap. pH NH, eap. pH NH, 
vol. % mg. mM | vol. % mg. mM | vol.% mg. mM 


0 56.1 7.62 120 334 53.2 7.32 167 216 54.5 7.20 135 106 

9 57.6 7.29 169 146 55.8 7.27 117 126 61.1 6.08 267 15 
23 61.9 7.24 87 108 51.1 641 139 25 59.6 6.98 97 73 
44 56.8 6.76 234 83 51.2 6.02 338 21 63.4 7.37 456 75 
7.39 7.79 7.85 88 356 
86 53.5 6.10 869 30 52.1 5.70 850 17 60.0 5.97 266 28 
107 49.2 5.80 457 23 46.8 5.66 524 16 51.3 5.78 496 15 
128 49.9 5.97 1376 17 42.0 5.79 1293 18 47.6 5.88 1356 22 


with hay and a grain mixture. The grain mixture contained two per cent 
limestone and the hay was good quality alfalfa-timothy mixed hay. The 
limestone consumed was sufficient to neutralize 1.6 hydrogens of the phos- 
phorie acid in the silage. After 86 days of experiment, a definite increase 
in urinary ammonia and a decrease in fixed CO, and in the pH of the urine 
were evident. By the end of the experiment, at 128 days, urine examinations 
showed that the cows were in a condition almost as bad as any of the previ- 
ously described animals before the addition of a neutralizer was made. The 
CO,-combining capacity of the plasma also showed a definite acid condition 
but not to as great an extent as when no neutralizer was fed. 


SUMMARY 


1. Limestone and sodium bicarbonate were compared as neutralizers 
when fed with oat silage preserved with 20 pounds of 68 per cent phosphoric 
acid per ton of green material. Sodium bicarbonate proved to be con- 
siderably more efficacious than limestone. 
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2. Sodium bicarbonate was about twice as efficient as limestone in coun- 
teracting the acid in phosphoric acid oat silage. On the two-hydrogens- 
neutralized basis, limestone was not completely effective in either curative 
or preventive trials, whereas the quantity of sodium bicarbonate sufficient to 
neutralize one hydrogen of the acid in the phosphoric acid oat silage proved 
to be slightly superior. Sodium bicarbonate and limestone when. fed in 
equivalent amounts to neutralize two hydrogens of the phosphoric acid 
were adequate, and this combination is probably the most satisfactory for 
practical purposes. Sodium bicarbonate when fed on the two-hydrogens- 
neutralized basis proved to be efficient. 

3. There is apparently a relation between the acid condition of the ani- 
mals and the amount of silage consumed, because after adequate neutraliza- 
tion of the acid the silage consumption increased rapidly. 

4. A grain mixture containing two per cent limestone along with a 
mixed alfalfa-timothy hay of good quality proved to be ineffective in pre- 
venting acidosis in cows fed phosphoric acid oat silage in a long-time feeding 
experiment. 

REFERENCES 


(1) Becupet, 8. I., Stone, R. W., WILLIAMS, P. S., AND MurDocK, F. R. Legume Silage 
in Dairy Feeding. Pa. Agr. Expt. Sta. Bul. 411. 1941. 
(2) BousTept, G., RuPEt, I. W., Kine, W. A., PETERSON, W. H., AND Heastep, D. M. 
Palatability and Nutritive Value of A.I.V.- and Molasses-Alfalfa Silage for 
Dairy Cows. Amer. Soc. Anim. Prod. Proe., 51-54. 1937. 
(3) Brouwer, E. Uber den Einflus der Mineralsauresilage auf das Saure-Basen-Gleich- 
gewicht. Biedermanns Zentr. B. Tierernahr., 7: 1-35. 1935. 
(4) Eaton, H. D. Studies with Phosphoric Acid Grass Silage. M.S. Thesis, 1941. 
Rutgers University. 
(5) Kine, W. A. Comparison of Molasses-Alfalfa Silage and Phosphoric Acid-Alfalfa 
Silage as Feeds for the Milking Cow. N. J. Agr. Expt. Sta. Bul. 704. 1943. 
(6) Leparp, O. L., Pact, E., MayNarp, L. A., RASMUSSEN, R. A., AND Savaae, E. 8S. 
The Effect of Phosphoric Acid Silage on the Acid-Base Balance in Dairy Cows. 
Jour. Datry Sci., 23: 1013-1022. 1940. 
(7) MOLLGaarD, H., AND THORBEK, G. Uber den Nahrwert des A.I.V.-Futters und dessen 
Beeinflussung durch die Neutralitatsregulation der Gefutterten Tiere. Bieder- 
manns Zentr. B. Tierernahr., 10: 105-121. 1938. 
(8) Perkins, A. E. Some New Methods of Preserving Legume Forage. Ohio Agr. 
Expt. Sta. Bimo. Bul. 177: 200-205. 1935. 
(9) Perkins, A. E., AND Monroz, C. F. Studies on A.I.V.' Silage. Part Il—Nutrient 
Preservation and Physiological Effects on the Cow. Jour. Datry Sct., 19: 453- 
454. 1936. 
(10) Perers, J. P., anD VAN SLYKE, D. D. Quantitative Clinical Chemistry. Methods. 
p. 283, 290. 1932. Williams and Wilkins, Baltimore, Md. 
(11) Rorrensten, K. Forsog med Basetilskudtil Stude pas A.I.V. Foder. 172nd. Rep. 
Res. Lab. Roy. Vet. Agr. Coll., Copenhagen. 140. 1937. 
(12) STeetE, M. An Improvement of the Folin Method for Determination of Urinary 
Ammonia Nitrogen. Jour. Biol. Chem., 8: 365-379. 1910. 
(13) Virtanen, A. I. The A.I.V.-Method of Preserving Fresh Fodder. Empire Jour 
Expt. Agr., 1: 143-156. 1933. 


— 
j 
| 
| 
) 
an 
| 
| 
| 
4 
a 


THE RELATION OF LONGEVITY TO FERTILITY 
OF BULL SEMEN* 


S. MARGOLIN, J. W. BARTLETT anp O. L. LEPARD 
New Jersey Agricultural Experiment Station, New Brunswick, N. J. 


Several criteria have been used by investigators in determining the 
fertility of semen. These criteria include initial motility, concentration, 
morphology, percentage of abnormal sperm, pH, volume, longevity (1-10), 
respiration rate (9), and glycolytic activity (1). Such characteristics have 
been used individually and in combination. Only the respiration rate has 
been shown to have a highly significant relation to fertility. All others with 
the exception of longevity and glycolytic activity have been conclusively 
found by various workers (2, 3, 7, 8, 9) to be inadequate measurements of 
fertility. Herman and Swanson (3) and Comstock (1) have mentioned a 
possible significant relationship between longevity (duration of motility) 
and fertility. 

Records available through the cooperation of the New Jersey Artificial 
Breeding Unit No. 2 with the New Jersey Agricultural Experiment Station 
provided data suitable for a study of the relationship of breeding efficiency 


_and semen longevity. Data were kept of the longevity of 207 ‘‘normal’’ 


semen samples collected from ten sires over a period of one year. Semen 
samples were diluted with egg-yolk phosphate buffer (5), and a portion was 
placed in a refrigerator at 45° F. to determine its longevity. Motility esti- 
mations were made at 24-hour intervals until motility ceased. 

There were 483 services with fresh and one-day semen‘ to 306 cows before 
all conceived. Only services with fresh and one-day semen were used be- 
cause they had a very similar conception rate, 63.7 per cent and 61.9 per cent, 
respectively. Cows requiring more than three services of fresh or one-day 
semen per conception were omitted in the tabulation of the data in order to 
minimize the influence of ‘‘non-breeders’’ upon the estimation of the fertility 
of any given semen sample. Inseminations were made by the veterinarians 
of the artificial breeding association.2, Approximately 0.5 ec. of diluted 
semen was used for each insemination. Accurate records were kept of the 
sire used, date of service, age of semen, and the number of services required 
per conception for each cow. Conception was ascertained by palpation 
or by the calving of the cows served. 

Received for publication March 15, 1943. 

* Journal Series paper of the New Jersey Agricultural se oe Station. Rutgers 
University, department of dairy husbandry. 

1 Fresh semen refers to semen less than 24 hours old; one-day semen is more than 24 
hours, and less than 48 hours old. 

2 The authors wish to acknowledge the assistance of Dr. D. Master, Dr. E. J. Weath- 
erby, and Mr. C. E. Shuart, whose cooperation made this study possible. 
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The breeding record for each semen sample was established, and the 
mean conception rate for each sample was determined. These individual 
mean conception rates were tabulated according to the longevity of the 
sample. The mean conception rate for the respective longevity classes are 
indicated in table 1. 

TABLE 1 
The relation of longevity to percentage of conception 


Longevity Number of Number of Percentage of 
(days) samples services conception 
14 or more 3 11 88.9 
13 12 34 65.0 
12 25 56 62.3 
11 34 81 56.3 
10 52 127 68.6 
9 36 74 63.6 
8 21 53 58.6 
7 14 27 40.4 
6 or less 10 20 35.0 
Total or mean 207 483 62.3 


The correlation coefficient between longevity in days and the mean con- 


ception rate (table 1) was significant, + 0.6964 + 0.0212. 


The correlation of longevity with percentage conception for each sire 
is shown in table 2. Six of the sires show a significant positive correlation, 
and two sires have negative correlations of low significance. Two sires, 


100B and 100E, had only two and five samples in the data, and as a result 
are not included in this table. It will also be noted that sires with the 
highest mean conception rates had the most significant correlation coef- 
ficients. 


TABLE 2 
Correlation coefficients of longevity vs. percentage of conception by sires 
Mean percentage Number of 
Sire of conception samples Coefficient 
E 60.7 39 — 0.1600 + 0.1346 
F 65.4 45 + 0.4134 + 0.0874 
67.8 29 + 0.7287 + 0.0513 
x 75.0 13 + 0.9455 + 0.0157 
100A 47.9 33 — 0.4049 + 0.1051 
100G 55.6 9 + 0.5623 + 0.1548 
100X 65.8 12 + 0.8930 + 0.0323 
100Z 71.7 20 + 0.6224 + 0.0866 


The dislocation from the statistical regression line by the mean con- 
ception rates for semen samples of some longevities (table 1) is attributed 
to inadequate sampling. The total sample was too small, and furthermore, 
the number of cows served per sample varied considerably (one to seven 
This latter factor was particularly true of the sires 


services per sample). 
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with the insignificant negative correlation coefficients. The mean deviation 
of the number of services per cow for these two sires was high compared 
to that of the remaining sires. 


SUMMARY 


1. The analysis of the breeding records kept on ten sires and 306 cows 
show a highly significant correlation between the longevity and the con- 
ception rate of bull semen (+ 0.6964 + 0.0212). 

2. Six of eight sires studied showed significant positive correlations 
between longevity and conception rate; two showed insignificant negative 
correlations. 

3. There was only a slight differen¢e in percentage of conception for fresh 
semen and one-day semen (63.7 per cent and 61.9 per cent, respectively). 
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A STUDY OF THE BLOOD CAROTENE IN RELATION TO 
LIPOLYTIC ACTIVITY OF MILK 


N. P. TARASSUK 
Dairy Industry Division 


W. M. REGAN 
Animal Husbandry Division 
University of California, Davis, California 


Hydrolytic rancidity in milk results from hydrolysis of the milk fat, a 
reaction activated by the enzyme lipase. According to the present view 
there are two kinds of lipolytic action: the induced form initiated by modi- 
fication of the surface of the fat globules, and the spontaneous type that 
proceeds naturally with the aging of the cooled milk (16). It is with the 
latter type that this paper is concerned. 

As early as 1909 Paraschtschuck (14), who first detected a naturally- 
active lipase in cow’s milk, reported that the amount present increases at the 
end of the lactation period. Other workers have amply confirmed (1, 5, 8, 
9, 10, 12) the observation that the development of rancid flavor is most 
common in late lactation. Apparently another cause for increased concen- 
. tration of naturally active lipase is the absence of green feed. According 
to Csiszar (4), Hileman and Courtney (8), Fouts and Weaver (6), and 
others, rancid flavor is at a minimum during spring and summer, when the 
cows are on pasture. In 1936 Anderson (2) concluded, after observing two 
herds and collecting data on one cow, that a deficiency of certain dietary 
factors causes the secretion of milk that becomes rancid. When he substi- 
tuted 10 pounds of artificially dried hay for an equal amount of field-cured 
hay in a ration of 25 pounds of corn silage, 10 pounds of hay, and 9 pounds 
of grain, the production of rancid milk ceased in 3 or 4 days. Results were 
even more striking when 5 pounds of carrots was used to replace the hay. 
The feeding of vitamin A, though somewhat less effective, also lessened the 
degree of rancidity. Though Anderson did not study the carotene content 
of the milk, he designates a deficiency of carotene in the diet as the probable 
causative factor. 

Tarassuk, in 1939, (15) reported a case history strongly indicating the 
presence of an anti-lipolytic principle in green feed. A cow late in lactation, 
on a ration of hay and concentrates, was producing rancid milk. When 
green feed was substituted for hay, the rancidity no longer developed. Upon 
a return to the hay and grain ration, however, lipolytic activity was restored 
to the previous level. 

To shed more light on the principle responsible for the beneficial effect 
of ‘‘green feed’’ in preventing lipolysis, and to establish whether carotene 
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is the specific factor involved—as Anderson (2), Anderson, Hardenbergh, 
and Wilson (3) have suggested—the authors have studied the relation 
between the carotene content of the ration and the development of spon- 
taneous rancidity. 

EXPERIMENTAL 


In May, 1940, three Jersey (588, 569, and 707) and one Guernsey (620) 
cows were taken from alfalfa pasture and fed bleached alfalfa hay and 
concentrates. The carotene content of this basal ration was very low—only 
0.05 mg. per 100 grams of feed. 

Before the cows were put on experimental regime, their milk was tested 
for gross composition, pH, stability to heat, rennet coagulation, and flavor ; 
it proved normal in all respects. For a while during the previous winter, 
cow No. 588 was known to have secreted milk that would go rayeid spon- 
taneously upon aging. 

Throughout the 190 days of the main experiment, the milk was sampled 
daily. The samples were cooled in ice-cold water within one hour after 
milking and were aged at 5 to 7° C. The extent of lipolysis was ascertained 
1) by measuring the surface tension of milk at 1, 2, and 7 days of aging 
and 2) by determining weekly the free fatty acids of milk fat in samples 
aged for 7 days. Periodically the milk samples were also scored for flavor 
and odor. At frequent intervals the blood-carotene level and the carotene 
content of milk fat were determined for each cow. Carotene in the blood? 
was determined with a photoelectric colorimeter, according to a method 
described by Moore (11). 

The carotene in milk fat was determined with a Coleman Universal 
Spectrophotometer (Model 11), petroleum ether being used as the solvent. 
Crystalline B-carotene was employed for standardizing the instrument and 
for plotting the standard curve. These determinations were made on ali- 
quots of the same samples of pure, dry fat used for determining free fatty 
acids. Figures 1, 2, 3, and 4 show the feeding regimes imposed and the 
results obtained. 

As mentioned before, the basal ration (bleached alfalfa hay and concen- 
trates), contained but 0.05 mg. of carotene per 100 grams of feed. "When- 
ever supplementary carotene was fed in the form of crystalline B-carotene 
dissolved in cottonseed oil, or in green alfalfa, it is indicated on the curves. 

Figure 1 shows the blood-carotene content during the first 190 days of 
experiment. On the basal ration of bleached hay and concentrates, the 
blood-carotene level for all cows declined rapidly from the starting value 
of 1.42 to 2.31 mg. per 100 ce. plasma to less than 0.25 mg. per 100 ec. plasma 
at the end of 30 to 40 days. Thereafter it became stabilized, leveling off 
near 0.1 mg. per 100 cc. plasma, until the diet was supplemented with addi- 


1 Carotene in the blood was determined by H. Goss and S. W. Mead of the Animal 
Husbandry Division. 
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tional carotene. A more detailed picture of blood-carotene study in this 
experiment has been presented by Goss and Mead (7). Oral administration 
of 250 mg. of crystalline carotene in cottonseed oil only slightly increased 
the blood carotene. An addition to the basal ration of 500 mg. of crystalline 
carotene in cottonseed oil markedly increased the blood-carotene level. 
When 1000 mg. of carotene was fed, the repletion of blood carotene pro- 
ceeded rapidly, at a rate similar to that of the depletion at the beginning of 
the experiment. 
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Fig. 1. The depletion of carotene in the blood of cows on a diet of bleached alfalfa 
hay, and its repletion by feeding of (a) green alfalfa and (b) carotene in oil (courtesy 
of Mead and Goss). 


Figure 2 presents the carotene content of milk fat. On comparing 
figures 1 and 2 one sees, as would be expected (13), a direct relation between 
the concentration of carotene in the blood and in milk fat. Furthermore, 
not only does the carotene content of each cow’s milk fat show the same 
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trends as her blood carotene, but the numerical values expressed as mg. of 
carotene per 100 ce. of blood plasma and mg. of carotene hans 100 ec. of milk 
fat are nearly the same for any particular time. 

Figures 3 and 4 show the extent of spontaneous lipolysis of milk from 
these 4 cows on a low- and high-carotene feeding regime. These figures give 
the surface tension of the milk of each cow from the beginning of the experi- 
ment until the cow was dried. The surface-tension data are the values 
obtained on the samples of milk cooled and aged for 48 hours. Surface- 
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Fig. 2. The depletion of carotene in the milk fat of cows on a diet of bleached alfalfa 
hay, and its repletion by the feeding of (a) green alfalfa and (b) carotene in oil. 


tension values below 46 dynes per em. are characteristic of rancid milk. 
The lower the surface tension, the greater the extent of hydrolytic rancidity, 
as Tarassuk (15) has pointed out. 

The data on cow 588 show strikingly the beneficial effect of green feed 
in preventing lipolysis of fat, yet the independency of lipolysis from the 
amount of carotene in the cow’s blood and milk fat. At about the time when 
her blood carotene reached the minimum level, her milk upon aging 48 hours 
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showed slight rancidity. It became progressively more rancid despite the 
increase in blood carotene that was caused by the feeding first of crystalline 
B-carotene and later of green feed up to 24 pounds daily. Between the 90th 
and the 176th day of the experiment, the surface tension of No. 588’s milk 
dropped from 45 dynes per em. to 33.9 dynes per cm. In the same period 
the level of her blood carotene increased steadily from 0.20 mg. per 100 ce. 
of plasma to 1.04 mg. per 100 ce. The rapid drop of surface-tension values 
occurs during the advanced stage of lactation. On the 160th day of the 
experiment, this cow was due to calve in about 9 weeks. At this advanced 
stage of lactation the lipolysis of milk fat increased rapidly despite the 
ingesting of some green feed. On the 179th day of the experiment the 
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Fic. 3. The extent of hydrolytic rancidity in the milk of cows on a diet of bleached 
alfalfa hay and on bleached alfalfa hay supplemented by (a) carotene in oil and (b) green 
alfalfa. 


amount of green alfalfa fed daily was increased to 50 pounds; and in about 
10 days her milk became normal in lipolytic activity, as was evidenced by 
a sharp rise of its surface-tension values. The recovery is remarkable, 
occurring when the cow was very late in lactation and was producing milk 
extremely high in lipolytic activity. She was due to calve in about 40 days. 
On the 196th day of the experiment she was dried and put back on the basal 
diet to show whether, under this condition, she would produce a rancid milk 
after parturition. When she freshened, 44 weeks later, the surface tension 
of her milk was between 49 and 47 dynes per em. for the first month of lac- 
tation. Later it fell below 46 dynes per cm. Her milk never again became 
so rancid as when she was late in lactation. During this period the lowest 
surface-tension value was 42 dynes per em. On the 109th day after fresh- 
ening she was put on pasture, and her milk became normal. 
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Cow 707 was on exactly the same feeding regime as No. 588 for the first 
146 days of the experiment. From the 146th to the 195th day her basal 
ration was supplemented with 1000 mg. of crystalline B-carotene daily ; and 
later, until she was dried, she was on the herd’s winter ration. Her blood 
level of carotene was almost identical with that of cow 588, except for a more 
rapid increase of blood carotene toward the end of the experiment. Yet her 
milk never became rancid. Instead, after she had been on the basal diet 
about 20 days, her milk upon aging 48 hours became spontaneously oxidized. 
The daily feeding of 1000 mg. of crystalline B-carotene reduced the tendency 
to oxidize spontaneously, but did not eliminate this defect entirely when 
milk was aged longer than 48 hours. Nor did the herd’s ration, consisting 
of good-quality dry hay and concentrates, entirely eliminate oxidized flavor. 
The cow was dried but a month before calving. 

The other pair of cows—620 and 569 (figure 4)—-were on the same feed- 
ing regime throughout. They received the basal diet for 132 days, during 
which the levels of carotene in both blood and milk fat were very low, under 
0.20 mg. most of the time. At this very low carotene level, the surface 
tension of their milk decreased. The surface tension for No. 620 was be- 
tween 47 and 44.5 dynes per em., indicating slight rancidity at times. The 
surface tension for No. 569 hovered between 46.0 and 48.0 dynes per em. 
Her milk, besides bordering often on rancidity, would also be spontaneously 
oxidized. When during the next 56 days the basal ration was supplemented 
with green alfalfa, both cows showed a marked improvement in the flavor 
of the milk. At this time both were due to calve in about 2 months, and they 
were put back on the basal diet to show whether bleached-hay feeding and 
late lactation would cause the high lipolytic activity. This effect was strik- 
ingly produced in cow 620. As she came into the advanced stage of lacta- 
tion, her milk production dropped. The surface tension began to decline 
even while she was fed 24 pounds of green alfalfa daily, and fell abruptly 
after the complete change to a basal diet. The same feeding regime and 
similar stages of lactation produced no changes in the milk of No. 569. 
Later, however, this animal proved not to be pregnant ; she was a nonbreeder. 

Figure 5 presents further evidence that carotene deficiency in the diet 
will not, per se, cause a cow to secrete milk that will spontaneously go rancid. 

Cows 730 and 712 were put on bleached alfalfa and concentrates in their 
second month of lactation. They remained on this low carotene diet through- 
out the lactation period. In 40 days the carotene in their blood and milk 
fat dropped from the values above 1 mg. to about 0.20 mg. per 100 ce. of 
blood plasma or milk fat. After 3 months on bleached hay the level of caro- 
tene for No. 730 leveled off between 0.04-0.05 mg., that for No. 712 between 
0.07 and 0.10 mg. of carotene per 100 ec. of blood plasma. 

The milk of No. 712 became slightly rancid for about 20 days between 
the 15th and 40th day of experiment, as was evidenced by a decrease in its 
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Fig. 4. The extent of hydrolytic rancidity in the milk of cows kept on bleached 
alfalfa hay and on bleached alfalfa hay supplemented by green alfalfa. 
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Fig. 5. The extent of hydrolytic rancidity in the milk of cows on a diet of bleached 
alfalfa hay. 
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surface tension. While the level of her blood carotene was still going down, 
the surface tension of her milk went up, to remain well above the border 
line of rancidity for the rest of the 149 days of the experiment. Toward the 
end her milk became spontaneously oxidized. 

Cow 730 presents an illuminating case. After 34 days on the low-caro- 
tene diet, her milk upon aging 48 hours would be spontaneously oxidized. 
She continued to secrete such milk, free from hydrolytic rancidity, until she 
had been 250 days on the basal diet and in milk 317 days. In 10 days the 
surface tension of her milk dropped below 40 dynes per em.; and it con- 
tinued to decrease rapidly. Although this cow was on a very low-carotene 
diet for 270 days, only during the last 20 days of the experiment, in a very 
late stage of lactation, did she start to secrete milk that would go rancid 
spontaneously. 
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Fig. 6. The acid degree of the milk fat of cows 588 and 707. 


Besides the surface tension and the score for flavor and odor, the free 
fatty acids of milk fat for all cows considered in this study were also deter- 
mined. The acid degree determinations were limited to the samples of milk 
fat isolated for determination of carotene. Whereas the surface tension 
given here was measured on aging milk for 48 hours, the acid degree of milk 
fat was determined on samples aged 7 days. Before being churned for 
isolation of fat, the milk was heated to 75° C. for 5 minutes to prevent 
further lipolysis. 
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The acid degree of milk fat for cows 588 and 707 is presented in figure 6. 
As is readily seen, the data obtained by this method to measure the extent 
of hydrolytic rancidity agree with the data on surface tension. 


SUMMARY 


Six cows, 5 Jerseys and 1 Guernsey, were kept for various periods, 
extending up to 269 days, on a very low-carotene diet of bleached alfalfa 
hay and concentrates. On this diet the depletion of carotene in blood and 
milk fat was most rapid in the first 20 days; after about 40 days the caro- 
tene values of both the blood and milk fat leveled off at the values between 
0.25 and 0.05 mg. of carotene per 100 cc. of blood plasma. The relation 
between the amount of carotene in blood and that in milk fat approached 
a factor of a direct proportionality when considered for each cow separately. 
The numerical values of carotene, moreover, are nearly the same in blood 
and in milk fat if expressed on the basis of mg. of carotene per 100 ce. of 
blood plasma and mg. of carotene per 100 ec. of milk fat. 

With 4 cows, the depleted carotene was restored to normal by feeding 
either crystalline B-carotene (up to 1000 mg. daily, dissolved in cottonseed 
oil) or green alfalfa. 

The data on the extent of lipolysis of fat in aged milk, measured by sur- 

_faee tension of milk and acid degree of fat, failed to reveal any consistent 
relation between the level of carotene in the blood or the milk fat of a cow 
and the extent of spontaneously developed hydrolytic rancidity in her milk. 

This study has fully confirmed that the advanced stage of lactation is a 
contributing or major factor in the secretion of milk high in the concentra- 
tion of a naturally active lipase. In this experiment every cow in a late 
stage of lactation and gestation on the diet of bleached alfalfa hay and 
concentrates secreted milk that spontaneously developed strong rancid 
flavor. 

The limited data obtained in the present study support the observations 
made by other workers: the ingesting of green feed prevents the secretion 
of milk high in a concentration of a naturally active lipase and generally 
improves the flavor of milk. 

A critical examination of the results obtained in this study warrants two 
conclusions: 1) that the principle responsible for the beneficial effect of 
green feed in preventing spontaneous lipolysis of the milk fat is not its high 
carotene content and 2) that the hydrolytic rancidity occurring in the milk 
of cows near the end of gestation on a dry-feed diet cannot be attributed to 
the low-carotene content of the ration. 


CONCLUSION 


The level of carotene in blood or milk fat is not per se the factor causing 
a cow to secrete milk that will spontaneously develop a hydrolytic rancidity. 
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HOMOGENIZING EFFICIENCY TEST STUDIES 


H. F. JUDKINS! 
Executive Vice-President, Sealtest, Inc. 


The following definition for homogenized milk appears in the United 
States Public Health Service Milk Ordinance and Code 1939 Edition: 
‘‘Homogenized milk is milk which has been treated in such manner as to 
insure break-up of the fat globules to such an extent that after 48 hours 
storage no visible cream separation occurs on the milk and the fat percentage 
of the top 100 cc. of milk in a quart bottle, or of proportionate volumes in 
containers of other sizes, does not differ by more than 5 per cent? of itself 
from the fat percentage of the remaining milk as determined after thorough 
mixing.’’ 

It will be noted that the definition says nothing as to the temperature 
at which the sample shall be held in storage nor does it make it clear how a 
sample taken from a delivery vehicle shall be handled prior to testing. The 
definition does not specify the method of removing the sample of ‘‘top milk’’ 
from the bottle or the method to be used for butterfat determination. 


ABILITY OF PLANTS TO COMPLY WITH U. 8. PUBLIC HEALTH SERVICE HOMOGE- 
NIZING EFFICIENCY STANDARD OF 5 PER CENT 


In presenting the following summary, it should be stated that a close 
check was kept on the plants involved and that probably better than average 
care was taken in an endeavor to meet the standard. The study covered the 
period of the first eleven months of 1942. 

Fifty-two plants reported 6405 individual tests. They also reported 
these tests as a monthly arithmetic average for each plant based on a mini- 
mum of eight tests per plant per month. There follows certain factual in- 
formation obtained by studying these data. 

No. individual tests reported 6405. 

No. tests over 5 per cent standard 970 or 15.14 per cent. 

No. plant months involved (11 x 52) 572. 

No. monthly averages over 5 per cent standard 85 or 14.9 per 
cent. 

No. monthly averages over 5 per cent standard that fell be- 
tween 5 per cent and 7 per cent—60 or 70 per cent of 
those over standard. 


Received for publication March 31, 1943. 

1 The writer wishes to give due credit for the work done by R. Whitaker and his staff 
at the Sealtest Research Laboratory, Baltimore, Maryland. Thanks are also due those in 
the various plant control laboratories for making various tests as suggested. 

2 Since this manuscript was prepared this figure has been changed to 10 per cent. 
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No. monthly averages over 7.1 per cent—25 or 30 per cent of 
those over the standard. 

Twenty-nine of the 52 plants showed a monthly average test within the 
5 per cent standard for all eleven months. 

The difficulty in the case of 15 out of the 25 monthly averages of over 
7.1 per cent was found to be old machines that had to be rebuilt or replaced. 
It would appear, therefore, that while the majority of plants might on the 
basis of monthly averages meet a 5 per cent standard, a 7 per cent standard 
would be more equitable and it is probable that a 10 per cent standard would 
be more reasonable. 

Curd tension tests were also reported on the 6405 samples and it is of 
incidental interest to note the correlation between curd tension and per cent 
difference in fat between top and bottom tests in the two extreme groups. 
Thus, 153 monthly average differences of 2.5 per cent or less between top and 
bottom tests showed an average monthly curd tension average of 15.48 while 
56 samples showing a top and bottom difference of 6 per cent or more showed 
a curd tension of 15.51. Evidently, homogenization can be quite inefficient 
before curd tension is materially affected. 

During most of the year, the top 100 ec. of milk was pipetted from a 
quart bottle of milk after the sample had stood for 48 hours at a temperature 
of 40° to 50° F. The results obtained aroused our interest to know more 
about the factors affecting the efficiency of homogenization and to know 
what standard the plants could normally be expected to meet. 

Through work in our Baltimore Research Laboratory, in the control lab- 
oratories in the field and by plant surveys, we have endeavored to study the 
factors that determine homogenizing efficiency and the accuracy of the test 
prescribed therefor. The factors involved in the sampling and testing tech- 
nique will be discussed first. 


A. TESTING PROCEDURE 


1. The Babcock vs. Mojonnier test : 

Seventy-three comparisons were run using the two tests. The average 
per cent difference in the fat content of the top and bottom milk in the case 
of the Babcock test was 4.35 per cent and in the case of the Mojonnier test 
4.14 per cent. This clearly indicates that it is not necessary to go to the 
extra expense of using the Mojonnier test to determine compliance with the 
homogenizing efficiency standard. 


2. Method of making the Babcock test 

It was found that the modified Babcock test the plants had used resulted 
in too many imperfect fat columns. The following procedure was developed 
and gives excellent results : . 
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1. Warm sample to about 60° F. 
2. Temper acid to 60° F. To 17.6 ce. milk add 15 cc. 1.82-1.83 sp. gr. 
H,SO,. 
Add in 3 or 4 portions. 
At time bottles are placed in centrifuge, no red tinge should be 
visible. 
3. Centrifuge 10 minutes. 
. Add hot water to 3-3” below the neck. 
5. Centrifuge 2 minutes. 
Shake before adding water. 
Add hot water to base of neck. A 
Allow fat to coalesce and then fill up into neck. 
6. Centrifuge 1 minute. 
7. Read from water bath as usual. 


3. The influence of single vs. duplicate testing 
Table 1 presents the result of making five tests on the same top and 
bottom samples. 


TABLE 1 
The effect of running multiple tests on the same sample on the homogenizing 
efficiency test 
Butterfat 

Test No 1 2 3 t 5 

% % % % % 
Top 3.8 3.8 3.85 3.9 3.8 
Bottom 3.6 3.6 3.6 3.65 3.6 
5.2 5.2 6.5 6.4 5.2 


The data clearly show the effect of slight variations in reading the test, 
in this ease varying from an average test difference of 5.2 per cent to 6.5 per 
cent. In another comparison, fifteen Mojonnier and twenty-five Babcock 
tests were run singly and in duplicate and the average difference between 
top and bottom test was 0.31 per cent greater when samples were run in 
duplicate and the results averaged. Duplicate testing is recommended. 
Only clear tests should be read and when duplicates differ by more than 
1/10 of 1 per cent in the reading, the sample should be retested. 


4. Effect of personal factor in making the Babcock fat test 

It is, perhaps, natural that one’s experience in making the Babcock test 
as well as one’s carefulness might make some difference in the homogenizing 
efficiency test. In table 2 are shown the results of two or more operators 
on a series of tests. 

It will be noted that in general different operators agree quite well but 
that for reasons mentioned above there can be, and occasionally is, quite a 
difference. Thus in the case of three of the series of tests, two different 
operators varied by as much as 2 per cent to 3 per cent in the final result. 
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The personal factor is another thing that has to be given some consideration 
in complying with the homogenizing efficiency test standard. 


5. Effect of possible error in reading the Babcock test (theoretical) 

The accuracy of the Babcock test is considered to be no greater than 
the smallest division on the test bottle. With the 8 per cent bottle now com- 
monly used, the smallest division is 0.1 per cent. This means that on a 
sample of milk known to contain 4 per cent fat, for example, it might be 
possible to obtain tests of either 3.9 per cent or 4.1 per cent and still be 


TABLE 2 
The effect of the personal factor on the homogenizing efficiency test 
Operator No. 
No. 1 | 2 | 3 | 4 | 5 
tests 
Per cent difference between ‘‘top’’ and ‘‘bottom’’ tests 
6 4.33 4.43 


correct. These limitations of the Babcock test must be taken into consider- 
ation in considering the problem of complying with the U. S. Public Health 
Service standard. Assuming milk to be perfectly homogenized and the top 
test to be read 1/10 of a per cent too high and the bottom test to be read 1/10 
of a per cent too low, it would be possible to have a difference of 2/10 of a per 
cent fat solely due to reading. If this condition prevailed, the per cent dif- 
ference between top and bottom tests for milk with different fat content 
would be as is shown in table 3. These theoretical data show that it is 
easier to meet the standard when processing a high fat content milk. 


TABLE 3 
The effect of possible error in reading the test on milk of different fat content 
3% fat milk 4% fat milk 5% fat milk 
% aiff. % aiff. % aiff. 
6.4 4.9 4.0 


6. Effect of fat content of milk : 

The richer the milk, the less the per cent difference between the top and 
bottom test is likely to be. Thus two samples of milk testing 4.5 per cent fat 
showed a difference between the top and bottom test of 4.4 per cent whereas 
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two samples of milk testing 3.6 per cent fat showed a per cent difference be- 
tween top and bottom test of 5.5 per cent. 


7. Method of removing top 100 cc. sample 

A study of various methods of removing the top 100 cc. sample of milk 
follows: 

a. Syphon. A glass tube was inserted in a rubber stopper which was 
of such size that it just fitted into the neck of a quart milk bottle: The 
bottom of this tube was bent in the shape of a J, the outlet level being ad- 
justed so that just 100 cc. of milk could be syphoned off. The other end of 
the tube was merely bent at an angle of about 45° to facilitate running the 
sample into a bottle or other vessel. The syphon was started by means of 
a slight air pressure applied under the stopper through another tube which 
was connected to a rubber bulb. 

b. Pipette. The top 100 cc. of milk was removed by sucking the milk 
into a 100-cce. pipette, care being taken to keep the tip as near to the surface 
as possible without sucking air. 

c. Drainage. A small hole was drilled in the bottom of several quart 
milk bottles and each was fitted with a rubber stopper carrying a short piece 
of glass tubing. A piece of rubber tubing and a pinch cock served to close 


TABLE 4 


"The per cent difference between top and bottom tests when the top 100 cc. of milk from 
a quart bottle of homogenized milk is removed by various methods. (All 
samples stood 48 hours at 40° to 50° F.) 


Top and bottom test differences 
No. of samples 
° Syphon Drainage Pipette Pouring 
% % % % 
5 4.97 8.9 7.28 10.44 
323 by 16 plants or 
operators 3.63 4.56 


the tube. When it was desired to take a sample, 846 cc. of milk was drawn 
off, leaving 100 ec. in the bottle. This also was drawn out after shaking the 
bottle, and represented the top 100 ce. layer. 

In the case of paper bottles, a hole was made in the bottom of the con- 
tainer with an ice pick and 846 cc. allowed to run out. The hole was then 
closed and. the remaining 100 cc. of top milk was shaken around in the bottle, 
and then drawn off. 

d. Pouring. In this method the top layer of milk was merely poured off 
into a cylinder until a total of 100 ec. had been collected. 

The above data showed definitely that results may be affected very de- 
cidedly by the method used for removing the top 100 cc. of milk. It is 
obvious that pipetting can be the most inaccurate of all because it is so easy 
for the operator to place the tip of the pipette a little below any ‘‘cream’’ 
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that may have risen to the top of the bottle. In this case, the results might 
easily show the standard to have been met whereas quite the reverse was 
true. The above data show that the pouring method is the most severe and 
hence gives the most nearly true results. The pouring method has certain 
advantages which made it the preferred method. 

1) It is easy to conduct, the top 100 cc. merely being poured off the top 
of a regular milk bottle. 

2) No special equipment is required, other than some container marked 
to hold 100 ee. 

3) The results obtained with the pouring method are as high, if not 
higher, than the other methods tested, which is in its favor. 

It was our thinking that the drainage method heretofore described would 
prove to be the most accurate method. Further work was done to deter- 
mine why this was not the case and to further prove that the pouring method 
would be the one to adopt. 

Into one of the drainage bottles, there was placed a quart of water. 
Fifteen ce. of water were removed and this replaced with 15 ec. of 5 per 
cent milk. This was carefully floated on the water so that two distinct layers 
were formed and no milk and water were permitted to mix. This simulated 
conditions which exist at the time the test is usually conducted. As the water 
was drained out, it was observed there was a mixing of the milk and water 
in the vicinity of the side walls of the bottle. As the liquid was lowered in 
the bottle, especially below the shoulder, a rolling action seemed to take 
place which caused the milk to stream down into the water, thereby reducing 
the fat in the top 100 ec. layer and increasing the fat in the lower or water 
layer. 

In another bottle of water there was floated 15 ec. of 5 per cent milk as 
above, but in this case the milk was poured off in the manner usually em- 
ployed. Examination of the top and bottom layers showed the lower water 
layer was virtually free of all but the slightest amount of milk. 

From this demonstration it would seem that there is sufficient blending 
of the top and bottom layers during the time the drainage bottle is being 
drained to lower the fat test of the top layer and increase that of the lower 
layer. In the case of the pouring test, the milk layer seemed to flow off 
readily as the bottle was tipped, so that by the time the 100 ec. had been 
poured out, all of the milk layer had been removed. Although not exactly 
identical with the conditions existing with homogenized milk, it seems likely 
that this observation indicates the cause of the better separation which is 
noted when the sample is poured. 

From the above studies it is concluded that the preferred method of 
removing the sample of top milk is the pouring method and this method 
was used in the tests reported in the balance of this paper. 


4 
. 


HOMOGENIZING EFFICIENCY TEST STUDIES 1003 


8. Effect of holding samples for 24- and 48-hour periods 

Forty-three laboratories cooperated in this test. Samples were held at 
a temperature of 40° F. to 50° F. 

It will be noted that the average per cent difference between top and 
bottom tests is nearly doubled for 48 hours as compared to 24 hours. The 
number of samples failing to satisfy the standard is also greatly increased 
by the 48-hour holding period. 

TABLE 5 
The effect of the time of holding samples on the homogenizing efficiency test 


. plants with one 
No. No. % No. samples [*°®- P 
plants samples diff. over 5% 


Samples held at 40° to 50° F. for 24 hours 


43 | 215 | 2.63 | 14 | 8 
Samples held 48 hours 
43 | 320 | 4.5 | 117 | 35 


9. Effect of agitation of sample 

The following data indicate that a sample taken from a delivery vehicle 
or shipped to a laboratory and hence subject to an unknown amount of 
agitation as well as being of unknown age from time of bottling, should be 
‘inverted ten times and left to stand for 48 hours before testing. The lower 
per cent difference on the milk as returned from the route is due in part 


to the fact that 48 hours had not elapsed from time of bottling to time of 
testing. 


TABLE 6 
Effect of agitation on the homogenizing efficiency test 
Trial No. of 1 2 3 4 
No. samples % aiff. % aiff. % aiff. % aiff. 
1 24 3.6 a 2.1 3.64 
2 12 4.54 3.5 2.8 4.4 


Norte: In both trials sample 1 held undisturbed at 40° to 50° F. for 48 hours. Sam- 
ple 3 held for 18 hours, sent out on route and tested as soon as returned to plant. Sam- 
= 2 held for 25 hours undisturbed at 40° to 50° F. Sample 4 inverted 5 times in trial 


o. 1 and 10 times in trial No. 2 after returning from route and then held undisturbed 
for 48 hours at 40° to 50° F. 


10. Effect of temperature at which samples are held for 48 hours 


That the temperature at which the bottle of milk is held for 48 hours is 
important is shown in table 7. It is difficult to specify a definite tempera- 
ture. It is felt that a range of from 40° to 50° F. meets most situations 


and the data in the table indicate that there is not likely to be any marked 
difference in the test as between the temperature of 40° to 45° F. and 45° 
to 50° F. 
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As an indication of a problem that might arise in testing samples taken 
: from delivery vehicles during very warm weather, some sets of samples 
: were held at 47° F. for 48 hours and top and bottom tests made. The 
average per cent difference in fat between the top and bottom milk was 5.26 
per cent in both cases. Duplicate samples were held for 24 hours at 47° F. 
and then placed in a 72° F. room and held for another 24 hours. One sample 
showed a top and bottom test difference of 7.5 per cent and another 11.4 per 
cent. It is pointed out that the difference between these two latter figures 
is due to the fact that the milk had expanded enough in one case so that 
some fat was adhering to the cap. It is evident that as the milk is warmed 
the fat rises to the top more easily. Furthermore if bottles are slightly 
overfilled, some of it is going to adhere to the cap and create a further 


problem. 
TABLE 7 
The effect of the temperature of storing the sample on the homogenizing efficiency test 
No. 32° — 35° F. 40°-—45° F. 50° -— 55° F. 
samples % aiff. % aiff. % aiff. 
32 3.15 6.07 8.73 
40°-45° F. 45° - 50° F. 
% aiff. % aiff. 
9 4.85 4.32 


In checking the efficiency of homogenization, the question arises as to 
whether samples of warm milk taken from the outlet pipe of the homogenizer 
will check with samples of cooled bottled milk taken from the filler. There 
is a problem involved in cooling the warm milk samples taken from the hot 
milk line from the homogenizer. 

Indications are that it takes so long to cool the quart bottle of milk taken 
from the hot line that the per cent difference between top and bottom tests 
at the end of 48 hours will be greater than on a bottle of milk taken from 
the filler at approximately the same time as the sample is taken from the 
hot line. 

Thus, in one trial, a bottle taken from the filler showed a per cent dif- 
ference between top and bottom fat tests of 4.6 per cent; a bottle taken 
from the hot line and cooled to 46° F. in ice water without agitation (time 
required—one hour), 8.4 per cent; a bottle allowed to cool to 46° F. in 
refrigerator (time required—seven hours), 11.3 per cent. .In another simi- 
lar test results were as follows: Bottle from the filler—8.4 per cent differ- 
ence; bottle cooled in ice water—10.4 per cent; bottle cooled in air in the 
refrigerator—11.3 per cent. 


11. The size of the bottle 

While it is believed that the homogenizing efficiency test is generally 
made on a quart bottle of milk, it was deemed advisable to see whether equiv- 
alent results were obtained with pint and half-pint bottles, removing 50 ec. 
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of top milk in the case of the pint bottle and 25 ec. in the case of the half- 
pint bottle. Thirty sets of tests were run in all, using the same milk so 
that the results could be compared. The average top and bottom test dif- 
ference in the case of the quart bottle was 6.13 per cent, for the pint bottle 
6.94 per cent and for the half-pint bottle, 6.38 per cent. From this, we 
may certainly conclude that the U. S. Public Health Service standard ap- 
plies equally as well to pint and half-pint bottles as to quart bottles. 


12. The glass vs. the paper bottle 


For some reason or other, cream does not rise as rapidly or as thoroughly 
in the paper bottle as in the glass bottle. Data to this effect have been 
previously published for unhomogenized milk. In all, 31 comparisons were 
made where the same milk was placed in both glass and paper bottles, the 
samples being held for 48 hours at a temperature of 40° to 50° F. The 
average per cent difference between top and bottom test in the case of the 
glass bottle was 7 per cent and in the case of the paper bottle, 3.84 per cent. 


13. Type of glass bottle used 


Glass bottles with neck diameter ranging from 46 to 56 millimeters are 
in use in the industry. Bottles of so-called ‘‘cream top’’ type are also in 
use. Samples from the same lot of milk were set aside in these different 
types of bottles and held for 48 hours. The results are shown in the fol- 
lowing table showing the effect of the type of bottle on the homogenizing 
efficiency test. 


TABLE 8 
The effect of the type of bottle used on the homogenizing efficiency test 
No. 46-48 mm. 56 mm. 56 mm. cream 
samples % aiff. % aiff. top % diff. 
28 5.23 4.88 4.61 (20 samples) 


From these data it may be concluded that the type of bottle used does not 
materially affect the Homogenizing Efficiency Test. 


B. PROCESSING PROCEDURE 


Regardless of the top and bottom test procedure, the real factors that 
affect the efficiency of homogenization have to do with the processing opera- 
tion. 


1. The effect of the homogenizing pressure used 

This effect is set forth in table 9. 

This table clearly shows that with homogenizers other than the Creamery 
Package Manufacturing Company’s machine which is not designed to be 
used at such high pressure, a pressure of 3000 to 3500 Ibs. is desirable for 
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good milk homogenization. Uniform, steady high pressure is of prime 
importance. 


2. Effect of time of sampling 

Eleven plants were asked to cooperate in this experiment. One bottle 
of homogenized milk was taken from the filler from among the first six 
bottles filled, another at about the middle of the run and a third from the 
last six bottles filled. The experiment was repeated on at least three dif- 
ferent days. Results are reported on 35 sets of 3 samples each in table 10. 

The results shown in table 10 indicate the possibility of relatively uni- 
form test results throughout the run. No importance should be attached to 
the fact that the results appear to be slightly better as the run progresses. 


TABLE 9 
The effect of homogenizing pressure on the homogenizing efficiency test 
No. samples Pressure % aiff. 
2 1500 22.15 
2 2300 11.7 
2 3000 6.3 
2 3500 3.6 


3. Effect of homogenizing before and after pasteurization, i.e., holding 

Some plants homogenize before the holding period, others after the hold- 
ing period, depending somewhat upon the wishes of the local Health Depart- 
ment in this respect. A series of six samples showed a top and bottom test 
difference of 5.73 per cent when homogenizing was done before the holding 
period and 3.7 per cent when done after the holding period. 


TABLE 10 


The degree of uniformity of the homogenizing efficiency test during different 
hours of operation 


No. sets of No. 1st of run Middle of run End of run 
samples plants % aiff. % aiff. % aiff. 
35 11 4.95 4.69 4.06 


Incidentally, it may be well to mention at this point the results of bac- 
terial counts on homogenized and unhomogenized milk of the same grade 
after processing in 49 plants. These averages were obtained by averaging 
the log average of approximately eight counts per plant. The average bac- 
terial count for the homogenized milk was 7153 per ce. and for unhomogen- 
ized milk 9266 per ce. Slightly higher temperatures are generally used in 
pasteurizing the homogenized milk than the unhomogenized milk. The re- 
sults certainly do not show any bacteriological contamination due to the 
homogenizing procedure. 
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4. Effect of pasteurizing temperature—pressure constant 

Data on this point is presented in table 11. 

The data clearly show that the higher the pasteurizing temperature, the 
smaller the difference between the test of the top and bottom milk. This 
presumably is due to the effect of heat tending to prevent the tat from rising. 
In one case, short time, high temperature pasteurization at 165° F. for 15 
seconds was used. It is interesting to note that this gave essentially the 
same result as using 160° F. for 30 minutes. 


TABLE 11 


The effect of the pasteurizing temperature on the hemogenizing efficiency 
test—pressure constant 


145° F. - 150° F. 155° F. - 160° F. 165° F. - 
30 min. 30 min. 30 min. 30 min. 15 see. 
% aiff. % aiff. % aiff. % aiff. % aiff. 
6.68 5.55 ‘ 3.7 2.6 3.1 


5. Effect of the homogenizing temperature—pasteurizing temperature con- 
stant 

Data on this point are shown in table 12. 

The data in table 12 indicate that better results are obtained when the 
milk is homogenized at a temperature of 150° F. than at 120° F. The data 
further show that better results are obtained when homogenizing is done 
after the holding period. 

TABLE 12 


The effect of homogenizing temperature on the homogenizing efficiency 
test—pasteurizing temperature constant 


Homo. 120° F. — Past. 150° F. Homo. 150° F. — Past. 150° F. 
% aiff. % aiff. 
6.2 4.4 
Past. 150° F. — Homo. 120° F. Past. 150° F. — Homo. 150° F. 
% aiff. % aiff. 
4.9 3.1 


6. Influence of clarification 


In two different tests, milk clarified cold prior to processing showed an 
average difference between top and bottom test of 6.2 per cent. On two 
other occasions in the same plant where the milk was not clarified, the dif- 
ference was 4.7 per cent. These data are, of course, rather meager and only 
serve to indicate that clarification may make it slightly more difficult to 
comply with the Homogenizing Efficiency Test Standard. 


7. Influence of use of impact ring in Manton-Gaulin homogenizer 


In the case of five tests, when the impact ring was used the average top 
and bottom test difference was 6.1 per cent whereas when the ring was not 
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used it was 8.1 per cent, indicating, of course, that better results may be 
expected when the impact ring is used with this machine. 


8. Condition of the homogenizer valves 
This is so well understood as to need no discussion. 


9. Imperfect gaskets 


Care must be taken to keep the gaskets between the homogenizing valve 
chamber and the homogenizing valve in good condition. If these gaskets 
become scored or distorted, unhomogenized or poorly homogenized milk can 
‘pass through such imperfections in the gasket and mix with the properly 
homogenized milk on the other side of the valve. 


10. The use of clean equipment 


Homogenized milk should be the first product processed after a clean-up. 
If homogenized milk is handled through equipment following unhomogenized 
milk or cream, it will be contaminated with unprocessed fat. If used after 
some other product, the lines and equipment should be thoroughly rinsed 
to wash out all unprocessed fat. It is recommended that a by-pass arrange- 
ment be installed on the homogenizer which will direct the first milk through 
the machine at the start or following shut-downs back into the unhomoge- 
nized supply. If the homogenized and cooled milk can run into a large 
surge tank and be gently agitated before bottling, that will help. 


11. Amount of air in milk 

If air is sucked into the intake line and passed through the homogenizer 
with the milk, poor homogenization results. The intake line should prefer- 
ably be under a slight positive pressure and the homogenizer never allowed 
to run out of milk. Where it is impossible to pump the milk to the homog- 
enizer, great care must be taken to see that‘ there are no leaky unions or 
connections in the suction line. Also, great care must be taken to see to it 
that the opening of the supply tank is always covered. When a machine 
sucks air, the pressure gauge indicator will oscillate badly and this always 
means poor homogenization. 

It will be seen from the above that if milk is to be properly homogenized, 
it is a process that must be carefully watched. It must have the constant 
attention of an operator throughout the run. 


METHOD OF INVESTIGATING CAUSES OF FAILURE TO MEET THE 
HOMOGENIZING EFFICIENCY STANDARD 


‘ A questionnaire asking every conceivable question that we could think 
of that might have a bearing on the results of the homogenizing efficiency 
test was sent to more than fifty milk plants. The results of the survey for 
a number of the plants have been tabulated. The answers were arranged 
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in two tables; those coming from plants with an average top and bottom 
test difference of 54 per cent or more in one table and those coming from 
plants with an average test difference of 34 per cent or less in another table. 
To our surprise and disappointment, it was found that after studying the 
data in these two tables, one could not hope to get the answer as to why one 
plant was having difficulty in meeting the standard while another was meet- 
ing the standard without difficulty. Apparently the only way the answer 
to unsatisfactory compliance can be obtained is for a properly trained per- 
son to visit the plant and study the operation for a considerable period of 
time. I say this because when the answers to our questionnaire were 
arranged in the two tables just mentioned, there appeared to be an equal 
number of reasons in both tables as to why a plant would or would not be 
expected to meet the standard. 


SUMMARY 

1. With very careful control procedures, a plant should be able to meet 
the U. 8. Public Health Service homogenizing efficiency test most of the time. 
It is felt, however, that a more liberal test would be more practical since 
there appears to be no reason for such a rigid test. 

2. The Babcock test as per modification presented is the practical test to 
use in determining homogenizing efficiency. 

3. All fat tests should be run in duplicate and if duplicates differ by 
more than 1/10 of 1 per cent, a retest should be made. Tests showing fat 
columns that are not perfectly clear should be discarded and retests made. 

4. Persons well trained in the making of the Babcock fat test will differ 
but little in the results obtained when making the homogenizing efficiency 
test. 

5. The theoretical possible error of 2/10 of 1 per cent in reading top and 
bottom tests may easily be the determining factor as to whether the homog- 
enizing efficiency test standard is complied with. 

6. The richer the milk, the less the per cent difference Soa the top 
and bottom test is likely to be. 

7. The pouring method is the preferred method for removing the top 
milk from the bottle in making the homogenizing efficiency test. 

8. The top and bottom test difference at the end of 24 hours’ storage of 
the sample is approximately one-half that obtained when the sample is held 
for 48 hours. 

9. Samples taken from routes or shipped to laboratories for testing 
should be inverted ten times and held for 48 hours at 40° to 50° F. before 
testing. 

10. If the sample is held at a temperature below 40° F. the difference 
between the top and bottom test is much less than when the sample is held 
at temperatures above 50° F. There appears to be no significant difference 
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if the sample is held within a range of 40° F. to 50° F. which it is concluded 
is a practical range for the average plant. 

11. The homogenizing efficiency test works equally well on quart, pint 
and half-pint bottles. 

12. The difference between the top and bottom test in milk held in a glass 
bottle is much greater than where the milk is held in a paper bottle for the 
same length of time. 

13. Essentially the same results are obtained in bottles having a differ- 
ent top diameter and bottles of so-called ‘‘Cream Top”’ style. 

14. High and steady homogenizing pressure is essential to good results. 

15. The difference between the top and bottom test tended to be less when 
homogenization followed pasteurization. 

16. The higher the pasteurizing and homogenizing temperature, the less 
will be the difference between the top and bottom tests. 

17. It is possible that clarification may make it more difficult to meet the 
homogenizing efficiency test. 

18. Failure to use the impact ring in the Manton-Gaulin Homogenizer 
makes it more difficult to meet the homogenizing efficiency test. 

19. Other factors making it more difficult to meet the homogenizing 
efficiency test are: 

(a) homogenizer valves in poor condition. 

(b) imperfect gaskets between the homogenizing valve chamber and the 

homogenizing valve. 

(ce) the use of the processing eats for both homogenized and 

unhomogenized milk. 

(d) the incorporation of an undue amount of air in the milk prior to 

homogenizing. 

20. Homogenizing can be quite inefficient as determined by the U. S. 
Public Health test before the curd tension of the homogenized milk is 
appreciably affected. 

21. The bacterial count in homogenized milk need be no higher than in 
unhomogenized milk. Our results showed it to be lower, possibly due to 
the fact that higher temperatures were generally involved in processing the 
homogenized milk. 


A METHOD OF EQUALIZED FEEDING FOR STUDIES 
WITH DAIRY COWS 


H. L. LUCAS 
Laboratory of Animal Nutrition, Cornell University, Ithaca, New York 


INTRODUCTION 


Among the many problems of experimental design, there are some which 
deal with the elimination of bias from the main effects in which the investi- 
gator is interested, and some which deal with the minimization of the unac- 
counted-for variability of the experimental group (error of experiment) so 
that precise comparisons may be made. Published studies concerning the 
experimental methods which are used in feeding trials with dairy cattle have 
dealt primarily with the control of production ability and non-dietary en- 
vironmental factors, especially as these variables change with respect to 
time. Along these lines Maynard) and Myers (3) have published valuable 
suggestions for the improvement of continuous trials, and Cochran et al. (1) 
have presented designs which allow proper comparisons of two to four ra- 
tions by means of change-over trials. Critical thought has apparently not 
been given to the control of dietary variables other than those under study. 

Common to almost all dairy cow experiments is the practice of initially 
basing the rate of concentrate intake of each individual upon the rate of 
milk and fat production of that individual, and thereafter periodically ad- 
justing the rate of concentrate intake to the immediately preceding rate of 
milk and fat production. In some experiments roughage feeds are allowed 
ad libitum, but under these conditions it is difficult to evaluate the produc- 
tion efficiencies of rations because of unknown intakes or of the possibility 
of variable roughage consumption. To overcome this difficulty, therefore, 
many experiments are carried out under conditions of arbitrarily controlled 
roughage feeding. The rates of roughage feeding for each individual are 
determined by the investigator, primarily on the basis of body weight, but 
with consideration given to individual peculiarities such as age and condi- 
tion. The rates are usually maintained constant for each animal throughout 
the experiment. 

When both concentrate and roughage intakes are controlled during a 
comparison, either production will fall on the poorer ration or, if production 
is maintained for a time, body tissue will be sacrificed. In either case, pro- 
duction will suffer sooner or later. When employing the usual method of 
periodically adjusting concentrate allowances to production, the concentrate 
intake will eventually become lower on the inferior ration than on the better 
ration. Thus, the animals on the less efficient ration will be subjected to 
two penalities, first, an inferior ration, and second, a lower total nutrient 
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intake. When employing the continuous trial, the differences in production 
values of rations may, therefore, be magnified. In the change-over trial, 
however, because of the reversal of rations, the effects of shifting nutrient 
intakes will tend to reduce the real difference between rations. In both 
types of trials the magnitude of differences observed may be rather incon- 
sistent among experiments, because of varying availability of body tissue. 

In case the change in rations at the start of an experimental period pro- 
duces a temporary effect on production, then this temporary effect may be 
prolonged because of the changes in total nutrient intake which result from 
adjusting the grain intake to the immediately preceding production. Even 
though recovery to normal does occur on a temporarily poorer ration, it can 
only oceur at the expense of body tissue. Thus, recovery may not always 
oceur, and a temporary difference might appear as a permanent one. 

A study of experimental groups of cows, under conditions where both 
concentrate and roughage intakes were controlled, suggested that the greater 
portion of the unaccounted-for variability was associated with differences 
among individuals as regards decline in production rate (persistency). 
Certain considerations warranted the conclusion that a portion of this vari- 
ability in persistency was attributable to the methods used for initially 
determining and periodically adjusting total nutrient intakes. 

As was previously pointed out, total nutrient requirements and intakes 
are based upon body weight and the rate of milk and fat production. It is 
obvious that, regardless of the skill of the investigator in adjusting to indi- 
vidual peculiarities, all animals of a group can not be fed at the same nutri- 
ent level relative to their actual requirements for maximum production at 
a given time. Compared to the average rate of feeding for the group, vary- 
ing degrees of overfeeding and underfeeding will occur. Consider that a 
particular animal is underfed. Her production will eventually fall to a 
level compatible with her inadequate nutrient intake. When the decrease 
in production occurs, concentrate intake will then be reduced, so that the 
particular animal will be even more greatly underfed relative to the aver- 
age rate of feeding for the group. A further drop in production will 
follow. Since this process is continually repeated, a lower than average 
persistency will ensue. On the other hand, an animal which is overfed 
relative to the average for the group will show a higher than average per- 
sistency. The more often adjustments of concentrate allowances are made, 
the greater will be the effects of small errors in the initial assessment of 
nutrient requirements. 

As has been discussed, the usual method of controlling nutrient intake 
may distort a permanent difference between rations or prolong temporary 
effects. In other words, a bias is introduced which will always favor the 
better rations during comparisons by the continuous method and the poorer 
rations during changeover trials. To overcome this bias some investigators 
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have used paired feeding, yet no critical reports upon the efficiency of this 
method for dairy cattle studies have been published. This method has been 
of great value in growth studies with other animals, but certain considera- 
tions limit the application of this technic to dairy cattle experimentation. 
In growth studies any change in energy stores (in excess of essential 
tissues) is reflected in body weight which is used as the measure of growth. 
Thus, the criterion of comparison (body weight) is always highly dependent 
upon total energy intake and the efficiency of the ration, and when two ani- 
mals of the same initial weight and age are fed identical energy intakes, the 
unaccounted-for variability will automatically be limited, allowing precise 
comparisons. In the case of lactating animals, however, the criterion of 
comparison (milk and fat production) may be substantially independent 
of total energy intake and the efficiency of the ration, at least for a time, 
because body stores may be increased or decreased while a relatively constant 
production rate is maintained. Therefore, if two animals are to be fed 
identical energy intakes, several criteria of pairing must be used, namely, 
body weight, milk and fat production, age and condition. If these four 
criteria are not all used, various adjustments to the set nutrient intake will 
affect production and thereby color comparisons or introduce variability 
sufficient to mask effects. It is difficult to obtain sufficient numbers of pairs 
for precise experiments when these four criteria are simultaneously utilized. 
Indeed, it is difficult to obtain sufficient nimbers of pairs even from the 
standpoint of milk and fat production, because the populations from which 
experimental subjects may be chosen are usually limited and extremely 
variable. The investigator is then confronted by the problem of whether 
he should select a limited number of good pairs, or a large number of less 
desirable pairs. In the first case, the numbers of pairs will not be sufficient 
for precise comparisons. In the second case, a high unaccounted-for varia- 
bility will limit precision. In either case, the technic is of application only 
_ when rather large differences are expected between rations. 


EQUALIZED FEEDING 


In order to make comparisons of rations for milk production more valid, 
the biases introduced by unequal changes in nutrient intake must be elimi- 
nated. To obtain more precise comparisons, the effects on production, attrib- 
utable to errors in estimation of requirements must be compensated for so 
that more uniform persistency is allowed among animals. A method of 
determining and adjusting nutrient intake, hereafter referred to as equal- 
ized feeding, was developed which incorporated these two necessities. The 
method may be applied in conjunction with either the continuous type of 
trial when set up according to the specifications of Maynard and Myers (3), 
or the change-over type of trial when designed after Cochran et al. (1). 
There is a minor difference in technic for the two types of trials. 
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In applying equalized feeding the total time of experimental observation 
is divided into three parts, a preliminary period, a standardization period 
and a comparison period. The preliminary period, during which all animals 
are fed the same ration, allows an estimation to be made of the requirements 
of the animals, considering production, body weight, condition, age and 
appetite. The standardization period serves two purposes. First, it allows 
the animals to adjust to the errors made in estimating requirements during 
the preliminary period. Second, it allows the animals to stabilize at the 
adjusted production levels. This is of great importance in the continuous 
trial, because productions during the standardization period must serve as 
reference points for the determination of ration effects. The comparison 
period serves an obvious purpose, since during this time the experimental 
rations are fed. When using change-over designs, the comparison period 
is divided into a number of subperiods equal to the number of rations being 
compared. 

Throughout the preliminary period each animal is individually fed and 
considerable care is necessary in adjusting feed intakes to individual peculi- 
arities: It is best to first consider the rate of grain feeding which it is de- 
sired to maintain during the comparison period, and then to supply roughage 
at such rates that each animal holds essentially constant in her production 
when all animals are receiving approximately the correct amount of concen- 
trates per unit of milk produced. This may require several adjustments of 
roughage supply. The preliminary period should begin about the time all 
animals have reached their peaks of production and are well on feed. The 
length of the preliminary period is determined by the length of time re- 
quired to establish concentrate and roughage feeding at rates compatible 
with normal behavior of the animals. This will probably require two to 
four weeks. 

Equalized feeding is begun the second week of the standardization 
period. It is continued throughout the remainder of the standardization 
period and the entire comparison period. Essentially, equalized feeding 
consists of periodically changing the daily concentrate allowances of all 
animals on all rations exactly the same percentage of their respective initial 
daily concentrate intakes. Meanwhile, the rate of roughage feeding is 
maintained constant for each particular animal at the level found to be 
adequate during the latter part of the preliminary period. The initial daily 
concentrate intakes are considered as those fed during the first week of the 
standardization period. They are based on the productions of each cow 
during the last week of the preliminary period. 

The amounts by which the concentrate intakes are to be periodically 
changed might be determined arbitrarily by the investigator. For example, 
at the beginning of each week, the daily concentrate allowances might be 
reduced to 98 per cent of those furnished during the previous week. It is 
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customary, however, to keep concentrate intake at all times consistent with 
production level. If this is desired, then the changes in concentrate intakes 
may be based upon the average production behavior of all cows regardless 
of the rations which they are receiving. When this procedure is followed 
it is necessary to consider, in addition to the initial concentrate intakes, the 
initial levels of production as well, that is, production during the latter part 
of the preliminary period. To determine the concentrate intakes for any 
given’ week by this-method, the following calculations are necessary. The 
sum of productions of all cows during the week previous to the week in 
question is divided by the sum of productions of all cows during the final 
week of the preliminary period. This yields a group persistency factor. 
The initial daily concentrate intake of each animal is then multiplied by 
this factor to obtain the daily concentrate allowance of each animal for the 
particular week desired. These calculations are illustrated briefly in table 
1, productions during each week being expressed as average daily pounds 


TABLE 1 


A brief illustration of the calculations involved in equalized feeding when the concentrate 
allowances are adjusted once each week to the average production 
behavior of all cows regardless of ration 


Sesh enh Periods of equalized feeding 
of 
ie preliminary First week Second week Third week 
no. - Cone. TDN. Cone. TDN. Cone. TDN. 
nas equals equals equals 
| initial FOM. | wk. TDN. | ist wk. TDN. 
times 0.324* times 0.977¢ times 0.959 
1 60.0 19.4 58.5 19.0 57.0 18.6 
2 52.0 16.8 51.0 16.4 50.0 16.0 
3 45.0 14.6 44.0 14.2 43.5 14.0 
157.0 153.5 150.5 


* 0.324 equals pound TDN. per pound FCM. as recommended by Morrison (4). 
t 0.977 equals sum of Ist wk. FCM. divided by sum of initial FCM. 
+t 0.959 equals sum of 2nd wk. FCM. divided by sum of initial FCM. 


of four-per-cent fat-corrected milk (FCM), and concentrate intakes being 
expressed as pounds of total digestible nutrients per day (Cone. TDN). 
Instead of expressing the concentrate allowances in terms of total digestible 
nutrients they might be expressed on the basis of actual pounds of concen- 
trates fed. The particular measure used would depend upon the aims of 
the investigation. The calculations illustrated in table 1 are continued 
during the standardization and comparison periods, always using the initial 
concentrate intakes and initial productions as bases for the calculations. 

In ordinary experimental herds it is desirable for economic reasons to 
keep production as high as possible without invalidating experimental re- 
sults. If one of the rations being compared were markedly inferior in pro- 
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duction value then the method of basing changes in concentrate intake upon 
the average behavior of all cows regardless of ration would result in an ap- 
preciable lowering of production in the entire experimental group. In 
such a case it would seem advisable to base the changes in concentrate intake 
solely upon the average behavior of the animals on the better ration. The 
persistency factor would be calculated in exactly the same manner as pre- 
viously, using exclusively, however, the productions of those cows on the 
better ration. This factor would then be used to calculate concentrate 
allowances for cows not only on the better ration, but on the poorer ration 
as well. 

It is seen that equalized feeding may be applied in several ways, namely, 
the changes in concentrate allowances may be determined arbitrarily by the 
investigator, they may be determined by the average behavior of all cows on 
an experiment regardless of ration received, or they may be based upon the 
average behavior of the cows on one particular experimental ration. Al- 
though the three ramifications of equalized feeding may result in altogether 
different absolute productions on the diets being compared, the observed 
relative differences between diets should be almost identical by the three 
methods when studying ordinarily used good diets. This is because in all 
cases the changes of concentrate intakes of all animals regardless of ration 

*have been maintained equal at all times. It cannot be stated that the differ- 
ences will be absolutely identical by the three methods, because theoretically 
there are possible interactions between ration quality and level of nutrient 
intake. Little is known concerning these interactions. Experience would 
indicate, however, that under usual conditions they are of a magnitude 
definitely insignificant compared to experimental error, even in refined 
experiments. 

In the continuous trial, ration effects can be determined only by com- 
paring the difference in production rate between the standardization period 
and the comparison period for one treatment group, with the difference 
between the two periods for another treatment group. That is, by deter- 
mining the treatment-group by period interaction. In the continuous trial, 
therefore, the standardization and comparison periods are of equal impor- 
tance. Because of this fact, the standardization period must be of sufficient 
length, not only so that adjustments to feed allowances are complete, but, 
in addition, so that the adjusted productions are maintained sufficiently 
long by all animals to ensure a reliable estimation of relative production 
abilities. During this time all animals are fed the same ration. The 
standardization period should be continued five to seven weeks, depending 
upon the degrees of overfeeding and underfeeding which are represented 
among the various animals when the standardization period is initiated. 

Before the comparison period is begun, statistical tests may be used to 
discern the adequacy of standardization. In applying statistical tests for 
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this purpose, analysis of variance should be used. The criterion of adequacy 
is the week by cow interaction or variance which is not accounted for by the 
differences between week means and differences between individual cow 
means. For precise comparisons, this variance, translated to standard error 
of a single observation, should not exceed 2.5 per cent of the mean produc- 
tion rate of all cows for all weeks included in the analysis. When standard- 
ization is adequate the animals should be allotted to experimental rations 
and the comparison period begun. The first week or two of the standard- 
ization period, where the major adjustment fluctuations will occur, should 
be omitted for the analysis of adequacy of standardization. In order that 
the average productions during the standardization period may serve as 
reliable reference points for ration effects, the first one or two weeks should 
likewise be omitted in interpreting results. 

In the case of change-over trials, the standardization period need not be 
more than two or three weeks in length, since adequate standardization of 
the animals is obtained during the comparison period by virtue of the rota- 
tion of rations. It is necessary, however, to utilize this short standardiza- 
tion period in order that the major fluctuations in production due to the 
adjustment of the animals to their particular nutrient intakes shall be prac- 
tically complete. Unless this is done, the fluctuations of adjustment will 
color experimental comparisons. It was pointed out that in the continuous 
trial, all animals are fed the same ration during the standardization period, 
and are not allotted to experimental rations until the end of the standard- 
ization period. In the change-over trial, however, the animals are allotted 
to different rations at the start of the standardization period. If it is de- 
sired to estimate carry-over effects according to the method presented by 
Cochran et al. (1), the animals should be allotted to the same ration at the 
start of the standardization period as they are to receive during the first 
comparison sub-period. This is because the method presented by Cochran 
et al. assumes that no carry-over effects are present in the first comparison 
sub-period. On the other hand, if it is desired to study the transition effects 
immediately following a change in ration, the animals should be allotted to 
the same ration at the start of the standardization period as they are to 
receive during the last comparison sub-period. 

When using equalized feeding in conjunction with change-over trials, 
both concentrate and roughage intakes will, by virtue of the rotation of 
rations, be automatically equalized on all rations when the trial is completed. 
This is not the case, however, in the continuous trial. Slight discrepancies 
in concentrate and roughage intakes will always be present among groups. 
It should be pointed out, however, that these discrepancies will be of equal 
magnitude during the standardization period and the comparison period, 
therefore, they will not significantly color ration comparisons when the data 
is properly analyzed. It is improbable that any possible bias introduced 
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by the interactions of ration quality with the slight discrepancies in concen- 
trate and roughage intake would approach significance when compared with 
the error of experiment. 


EFFICACY OF THE METHOD 


It needs no illustration that equalized feeding removes a bias from ration 
comparisons. That equalized feeding allows a more uniform persistency 
among animals, thus increasing precision, is shown in the accompanying 
figures. There are compared two groups of twelve animals each, one group 
fed according to the usual method (individual feeding) and the other ac- 
cording to the equalized method. The data are presented on arithlog scale 
as production rates plotted against time. In figure 1 the results are shown 
as they would appear during a change-over trial with four five-week com- 
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INDIVIDUAL FEEDING EQUALIZED FEEDING 
Fie. 1. A comparison of the uniformities of persistency within a group of cows 
fed according to the usual method (individual feeding) and within a group which was 
equalized fed. Data presented as they would appear during a change-over trial with four 
five-week comparison sub-periods. 


parison sub-periods. Note how nearly parallel are the individual curves of 
the group maintained under equalized feeding. This is in contrast to the 
wide variation of the slopes of the curves of the group fed according to the 
usual method. In figure 2 the data are presented as they would appear for 
a continuous trial with a five-week standardization period and a fifteen-week 
comparison period. The uniformity of persistency during equalized feed- 
ing is again very striking. ; 
Equalized feeding was used at this station in conjunction with a change- 
over trial which has been published elsewhere (2). The experiment was 
found to be extremely sensitive. In this trial there were studied two levels 
of fat intake and two levels of intake of the fat-soluble vitamins. In effect, 
four rations were compared. These were studied using the Latin square 
design for twelve cows as indicated by Cochran et al. (1), with four five- 


| 
| | 


EQUALIZED FEEDING FOR COWS 1019 


week periods. Each Latin square consisted of 4 animals and represented 
different producing abilities (production levels), namely, high, medium and 
low producers. The summary table of the analysis of variance for fat-cor- 
rected milk production in this experiment is shown in table 2. It is seen 
that the unaccounted-for variance of the experimental group (residual 
period by animal interaction) was extremely low. The error terms for the 
various effects were quite constant and around 0.40. Taking the square 
root of this value yields 0.63 pounds as the standard error of a single obser- 
vation. Since the mean production was about 28 pounds of fat-corrected 
milk per day, the standard error of a single observation was only 2.2 per 
cent of the mean. Usually the standard error of a single observation in 
lactation studies is 5 per cent or greater. The use of equalized feeding was, 
therefore, quite effective in increasing precision. In this particular experi- 
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Fig. 2. A comparison of the uniformities of persistency within a group of cows fed 
according to the usual method (individual feeding) and within a group which was 
equalized fed. Data presented as they would appear during a continuous trial with a 
five-week standardization period and a fifteen-week comparison period. 


ment where 24 observations were made on each fat level and on each vitamin 
level, the least difference between: fat levels or vitamin levels necessary for 
high significance was of the order of 1.8 per cent. 

Calculations show that to demonstrate a given difference as significant 
it would require approximately one-fourth as many animals when using 
equalized feeding as when using the ordinary method. Conservative esti- 
mates indicate that with equalized feeding and 20 animals, differences be- 
tween rations as small as 3.5 to 5.0 per cent could be shown as significant in 
the continuous trial, and differences of 2.0 to 3.0 per cent in the change-over 
trial. 

It is commonly considered that dairy cattle may be used for experimental 
purposes until about the twentieth week of pregnancy. Under conditions 
of equalized feeding, however, production rates fell off distinctly, as early 
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as the eighteenth week after conception in the case of medium and high 
producing cows. Thus, to ensure precision and lack of bias when making 
comparisons, it would appear advisable to use no animal which would have 
passed the eighteenth week of pregnancy at the close of the comparison 
period. This may require that the breeding of the animals which freshen 
first be delayed a few weeks. 


TABLE 2 
Analysis of variance of a change-over trial conducted with equalized feeding 
Degrees} Sums | Ratio | 
Classification of variance of Vari- (F Bignifi- 
dom | squares 
Preliminary analysis 
Between production levels . 2 
(3) Between animals within produetion 
levels 9 
(4) Between periods 3 
(5) Period by production-level inter- i 
action 
(6) Period by animal interaction ........ 
Analysis of dietary effects: 
(7) Betweem fat levels. 5.95 | 5.95 | 15.26 8S 
(8) Between vitamin levels .......................... 1 0.15 | 0.15 0.42 ns 
(9) by vitamin-level inter- 
1 0.39:| 0.39 1.00 ns 
(10) Fat. level by production-level inter- 
action 2 0.65 | 0.32 0.82 ns 
(11) Vitamin. level by production-level 
Ea, Sa 2 0.02 | 0.01 0.03 ns 
(12) Fat-level by vitamin- level by pro- 
duction-level interaction ... - 2 2.12 | 1.06 3.21 ns 
(13) Residual period by animal inter- 
oo, to May for significance of dietary 
effects 
Between fat levels (9+10+12+413) ..... 23 8.90 | 0.39 | ......... 
Between vitamin levels (9 + 11 +12 +13) 23 8.27 | 0.36 | _........... 
First order interactions (12 + 20 7.86 | 0.39 | _.......... 
Second order interaction (13) 18 


* 8S =highly significant. S=significant. ns=not significant. 

t In the actual experiment 4 degrees of freedom were dropped from all error terms to 
compensate for 4 substituted values. These substitutions were warranted by an ‘‘off 
feed’’ during one period with one cow and effects of pregnancy during the last three 
weeks of the experiment with 3 other cows. This made the experiment slightly less sensi- 
tive than indicated here. Error variances were around 0.50. 


SCOPE OF APPLICATION 


When the differences between rations involve rather large effects on 
appetite, there is no point in using equalized feeding. The method would 
appear, however, to have a particular place as an aid in evaluating the small 
yet economically important differences which possibly exist among the multi- 
_ tude of rations classed today as good rations. Identical procedures would 
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be used whether it was desired to study the concentrate or roughage com- 
ponents of the ration. 

The method would also appear to have a useful place in studies which 
are more fundamental than feeding trials. It is often not only desirable, 
but necessary to hav« a high degree of control upon energy intake in physio- 
logical and biochemical studies. 


SUMMARY 


The difficulties encountered in dairy cow experiments when using the 
usual method of periodically adjusting feed intake to production have been 
discussed. It has been pointed out that the method introduces a bias into 
ration comparisons, and that under these conditions there is a high varia- 
bility among experimental animals as regards persistency. The latter effect 
reduces the precision of experimental comparisons. 

A method of equalized feeding is presented, which prevents biases in 
ration comparisons, and simultaneously increases precision by allowing 
more uniform persistency among animals. Essentially, the method of 
equalized feeding consists of periodically changing the concentrate intakes 
of all animals on an experiment regardless of ration, exactly the same per- 
centage of their respective initial concentrate intakes. Meanwhile the 
roughage portion of the ration is maintained constant for each animal. 

The method may be applied in conjunction with either the continuous 
or change-over types of trials. When using equalized feeding and about 
twenty animals, it would be expected that differences of 3.5 to 5.0 per cent 
could be demonstrated as significant in the continuous trial, and differences 
of 2.0 to 3.0 per cent in the change-over trial. 

Under conditions of equalized feeding, depressing effects on production 
rates were noticed as early as the eighteenth week of pregnancy. 
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CERTAIN DIETARY FACTORS ESSENTIAL FOR THE 
GROWING CALF 


NORMAN 8. LUNDQUIST anp PAUL H. PHILLIPS 


From the Departments of Dairy Husbandry and Biochemistry, College of Agriculture, 
University of Wisconsin, Madison 


The observation by Phillips et al. (5) that nutritional scours in calves 
could be effectively prevented and cured by supplying adequate vitamin A 
and certain members of the ‘‘B’’ complex has led to a study of certain as- 
pects of the nutrition in the very young calf. With the exception of re- 
search dealing with the role of antibodies and attempts to successfully raise 
ealves without colostrum, very little work has been done to establish the 
dietary essentials needed by the newborn calf and to correlate the lack of 
specific dietary factors with calfhood diseases. With this in mind a series 
of experiments have been made to determine the dietary essentials necessary 
for the calf in its early life. 


The approach to this problem was to ascertain the nutritional status of the 
calf at birth and to follow it for an interval of six weeks. Blood analyses 
for vitamins A, C, and carotene were made on newly dropped calves before 
nursing occurred. The freshly drawn blood samples were immediately 
placed in an iced thermos jug for chilling and to avoid light. Vitamin A 
and carotene were determined by Kimball’s method (1). All vitamin C 
determinations were made by the method of Mindlin and Butler (4). 

Because of the importance of fat and antibodies of colostrum milk in 
the diet of the calf, attempts were made to attack this problem by means 
of a skimmilk diet from birth without allowing the calf access to colostrum. 
Unless otherwise indicated all results were obtained with calves fed a basal 
diet consisting of only skimmilk with a grain mixture and alfalfa hay ac- 
cessible after the tenth day. Using this diet, experiments were then in- 
augurated to determine: 1) the effect of a vitamin A or carotene supple- 
ment; 2) the effect of ascorbic acid; 3) the effect of the vitamin B complex 
supplements ; or 4) the effects of various combinations of these factors. 


RESULTS 


The blood picture of the newborn calf. It is evident in table 1 that the 
blood level of vitamin C in the newborn is considerably above normal for 
older calves. This level dropped rapidly in the first 24 hours and continued 
to drop at a somewhat slower rate to reach its lowest point at about two 
weeks. A rise in the blood plasma C then occurred which leveled off close 
to 0.30 mg. per 100 ce. of plasma. 

Received for publication April 9, 1943. 
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The blood plasma vitamin A and carotene were extremely low at birth. 
This observation supports previous work in this laboratory (5) and the work 
of Krauss et al. (3) in which they found vitamin A and carotene to be very 
low in the liver. Normal blood concentrations of 0.15 to 0.18 micrograms 
per ec. were reached within two days. The blood plasma carotene follows 


TABLE 1 
The blood concentrations of certain vitamins in the newborn calf 


day | days | week weeks | weeks | weeks | weeks | weeks 
Number of cases ............. 45 17 13 21 9 12 10 8 9 
Blood plasma C 
mg./100 ee. 0.70 «0.38 | 0.31 | 0.30 0.19 | 0.27 | 0.25 0.31 | 0.30 
Blood plasma A 
0.05 0.14 0.18 | 0.16 0.15 | 0.17 | 0.12 | 0.16 | 0.17 
Blood plasma carotene | 
0.05 0.31 | 0.36 | 0.31 0.29 | 0.17 | 0.16 0.15] 0.14 


the same trend as that of the vitamin A. The carotene levels are about twice 
those of the vitamin A during the first two weeks, thereafter under the con- 
ditions used in this study an abrupt drop occurred which reached a level of 
0.14 micrograms per ec. by the end of six weeks. 


TABLE 2 


Blood plasma levels of ascorbic acid in calves raised on skimmilk supplemented 
with shark liver oil 


Calf 
ene number | Birth | 1 day | 2 days | 3 days | 5 days |7 days 


Ascorbic acid, mg. per 100 cc. blood plasma 


Brown Swiss ....... 834 0.46 0.09 0.03t 
................ 225* 0.82 0.24 0.00 0.09 


10 days | 14 days | 21 days | 28 days | 35days |42 days 
Ascorbic acid, mg. per 100 cc. blood plasma 


Holstein ............. he eee 0.03 0.14 0.06 | 0.19 0.24 
Holstein... 295* 0.04 0.00+ | 


* Carotene fed as sole source of vitamin A. 

t Died. 

The effect of vitamin A or carotene supplement. Because of the low 
vitamin A concentrations in the blood of the newborn calf the data obtained 
in table 1 suggested that vitamin A was probably the principal vitamin sup- 
plement required, since 500-700 units of vitamin D daily, were supplied by 
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feeding irradiated ergosterol. That this was not true, however, was indi- 
eated by the fact that two of the first three calves fed skimmilk supplemented 
with shark liver oil, as a source of vitamin A, died from peritonitis on the 
fourth day. Since the initial concentrations of ascorbic acid in the blood 
of the calf are high and since the only calf to survive had an abnormally 
high blood plasma ascorbic acid level at birth, the data in table 2 suggested 
that ascorbic acid might prove beneficial. In the succeeding experiments 
vitamin C and the B-complex were given. Adequate blood plasma vitamin 
A was maintained by feeding shark oil so that the calf received 6,000 micro- 
grams vitamin A daily for the first two or three days, 3,000 micrograms daily 
for another seven days, and 1,500 micrograms daily thereafter. The blood 
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Fig. 1. Average vitamin A and carotene levels in the blood of ten Holstein calves 
fed shark liver oil and skimmilk. 


plasma vitamin A and carotene under this regimen are given in figure 1. 
The blood concentrations were well within the range of normal calves for 
vitamin A. 

A preliminary experiment with a new born Holstein calf indicated that 
it could not use carotene as the precursor of vitamin A. This is indicated 
in figure 2. The calf was fed skimmilk from birth plus additions of pure 
beta carotene in sesame oil (330,000 micrograms daily for seven days and . 
165,000 micrograms thereafter). For the first eight days this oil was hand 
mixed into the milk and thereafter by a small homogenizer. This appar- 
ently accounts for the rapid rise in blood plasma carotene after the eighth 
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day. This calf died on the 15th day. It showed typical symptoms of night 
blindness from birth. On autopsy the left eye appeared cloudy and the 
optic foramen was noticeably restricted. The abomasum, intestines, blad- 
der, abdominal cavity, and heart were hyperemic and the calf was on the 
verge of peritonitis. Because of the disastrous results with this calf and 
scarcity of experimental calves the experiment has not yet been repeated. 

The effect of additions of ascorbic acid. Since the evidence suggested 
the additions of vitamin C, it was given per os at the rate of 0.25 to 0.50 
grams daily for varying periods up to 20 days. This addition eliminated 
the loss of calves from peritonitis. Evidence was obtained that the feeding 
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Fig. 2. The effect of carotene on the vitamin A levels of the blood of the young 
calf. 


ial 


of vitamin C could be resorted to for the first 10-12 days only. Thereafter 
it was found necessary to inject the vitamin for it to be effectively recovered 
in the blood. It is apparent that oral administration after the tenth day 
resulted in no higher blood plasma concentrations than that of calves which 
received vitamin C for only the first seven to ten days (fig. 3). The blood 
plasma levels of vitamin C in these calves present several distinct differences 
from those of normal calves. It was possible by feeding vitamin C to main- 
tain nearly a 50 per cent higher level in the blood stream for the first two 
weeks of life. 

This however, did not prevent the decrease in blood vitamin C which fell 
below normal during the third week. During this same interval the vitamin 
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C of the normal calf rose as shown by figure 3. After this time the calves 
on the skimmilk diet continued to show lower blood plasma concentrations 
of vitamin C throughout the six weeks experimental period. 


+ Cifor 22-20) days 


weeks 


Fic. 3. Relation of oral administration of ascorbic acid to normal levels in the 
very young calf. 


During the course of these experiments several calves with enlarged 
navels from the regular university herd were placed at our disposal. Blood 
analyses of these calves indicated them to be low in vitamin C. Daily injec- 
tions of 0.5 gram ascorbic acid were given and in all cases the navels were 
completely normal at the end of seven days. The regression in the size of 
the navel was most rapid in the first 24 to 48 hours. Table 3 shows the 


TABLE 3 
The effect of ascorbic acid on enlarged navel and peritonitis in the newborn calf 
Average — Number of Ascorbic 
. . plasma ascorbic cases of acid , 
Dict used acid, mg. per navel adminis- Teminme 
cent inflammation tration 
Skimmilk only...... 0.6 3 None 2 fatal 
4 
Whole milk ........... 0.8 3 ily for Recovered 
1 week 


results of this treatment as well as data on calves receiving the skimmilk 
diet without added vitamin C. Practical application of this finding has 
been made on six additional calves with enlarged navels. They were com- 
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pletely restored to normal by vitamin C injections. These data lend further 
support to the observation that ‘‘navel ill’’ is controlled where adequate 
vitamin C is present in the blood of the calf. Navel infections and peri- 
tonitis were completely controlled when the blood ascorbic acid values were 
adequately maintained. Ascorbic acid was highly effective in aiding the 
body defenses in the control of pneumonia and other types of infectious 
diseases as well. 

The effect of additions of the B-complex. The skimmilk diet suppie- 
mented with vitamins A, D, and C supported life, but it did not prevent 
scours in the very young calf. Since the B-complex had been shown to be 
necessary in the prevention of scours and that nicotinic, or pantothenic acids 
or both were specifically suggested (5) experiments were made to determine 


Fig. 4. The effects of additions of pantothenic or nicotinic acid to the skimmilk 
diet of the young calf. The two calves to the left received pantothenic acid while those 
on the right received nicotinic. 


which of these substances would aid in the prevention of scours and if the 
scours were brought under control would it then be possible to raise the 
newly dropped calf on vitamin supplemented skimmilk. 

The results of these experiments indicated that when the vitamin A levels 
were adequate and scouring was evident, nicotinic acid (50-100 mg. daily) 
was effective in helping to control scours (fig. 4). Pantothenic acid fed at 
the rate of 25-50 mgs. daily had no favorable effect on calf scours. It is 
also seen that the administration of shark liver oil for vitamin A and mix- 
tures which included nicotinic acid were effective in controlling calf scours 
(table 4). Practical tests in farm herds have amply verified the correctness 
of this observation. However, we did experience one condition in which 
the newborn calf came down with a septicemia and died in 24 to 48 hours. 
This condition was accompanied by a diarrhea that could not be controlled 
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by the use of nicotinic acid and vitamin A. With the above data at hand 
it was found possible to raise Holstein calves on skimmilk supplemented 
with vitamins A, D, C, and nicotinic acid from the moment they were 
dropped. We were unsuccessful in raising Guernsey calves under similar 


treatment. 


Guernsey, Jersey and Brown Swiss calves were raised on this 
diet, if they were first allowed to nurse their dams for two or three days. 


TABLE 4 
Effect of vitamin administration on calf scours 
A, ug./ee. 
sas nitial Number inal 
—— blood of Treatment blood Remarks 
plasma- cases plasma- 
vitamin vitamin 

+ 0.10 1 vitamin A—(shark 0.20 Recovered 

liver oil) 
+ 0.24 1 B complex* 0.09 Not com- 
letely re- 
covered 
+ 0.07 4 B complex + vitamin 0.17 Recovered 
A 

+ 0.16 3 B complex only 0.17 Recovered 

- 0.07 3 Pantothenic acid + 0.06 Died 
vitamin A 

+ 0.11 3 Nicotinic acid + 0.17 Recovered 
vitamin A 

+ 0.09 4 Nicotinie acid + 0.17 Recovered 
pantothenic acid + 
vitamin 


* B,, 0.22 gram; riboflavin, 0.22 gram; pantothenic acid, 1.12 grams; choline, 1.12 
grams; nicotinic acid, 2.20 grams; B,, 0.22 gram; and paraaminobenzoic acid, 0.22 gram, 
This mixture was fed at the rate of 250 mg. per calf per day. 


DISCUSSION 


The important role of ascorbic acid in the physiology of the calf is 
shown by these experiments. It was found that low blood plasma ascorbic 
acid (0.15 mg. per cent or less) accompanied any active infection, and in 
many cases resulted in navel inflammation and peritonitis. The severity of 
the infection was greatly relieved if not completely controlled by supplying 
adequate vitamin C. 

The small but definite rise in blood plasma ascorbic acid between the 
second and third week of life may indicate the beginning of the synthesis 
of this vitamin. It is interesting to note that the blood plasma ascorbic 
acid in calves on the skimmilk diet paralleled, but remained lower than that 
of calves on a normal ration after the seeond week. This may suggest that 
there may be a relationship between butter fat in the diet and the ability to 
synthesize vitamin C. Oral administration is ineffective after about the 
tenth day of life. This may indicate the beginning of rumen activity, since 
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it has been shown in older ruminants by Knight et al. (2) and others that 
the vitamin is destroyed in the rumen. 

Preliminary evidence with one Holstein calf indicates that very young 
calves are not able to utilize carotene as a source of vitamin A. With calves 
on a normal diet a very decided drop in carotene occurred between the sec- 
ond and third week. These observations could be logically interpreted to 
suggest that carotene conversion was not effective until that period. 


SUMMARY 


These studies show that vitamin C, A, and nicotinic acid are essential 
in the diet of the young calf and that they are exceedingly important for 
the prevention and control of early calfhood diseases. 

Specifically the data show that the blood plasma concentration of vita- 
min C in the new born calf is about twice its normal value. This vitamin 
has been shown to be highly effective in protecting the calf from navel ill, 
peritonitis and other active infections. Apparently vitamin C synthesis 
in the calf begins at about 2 or 3 weeks. 

It is possible to maintain the blood plasma vitamin C by oral administra- 
tion of the vitamin for the first 10 days of life, thereafter it must be injected 
to be effectively recovered in the blood stream. 

On the other hand, the blood concentration of vitamin A and carotene 
are sufficiently low in the new born calf as to cause it to be vitamin A defi- 
cient at birth. It appears unlikely that the very young calf can convert 
carotene into vitamin A. 

It has been demonstrated that adequate vitamin A and nicotinic acid are 
the essential factors in the control of calf scours ; the administration of these 
substances has controlled all types of scours thus far encountered, except 
that which accompanied septicemia in the newborn. Pantothenic acid with 
vitamin A was ineffective in the control of scours in contrast to nicotinic 
acid. 

On the basis of these data Holstein calves can be raised from birth on a 
diet of skimmilk with added amounts of vitamins A, C, D, nicotinic acid 
and access to hay and grain. 
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OBSERVATIONS ON THE ASCORBIC ACID CONTENT 
OF EVAPORATED MILK* 


F. J. DOAN anp D. V. JOSEPHSON 
The Pennsylvania Agricultural Experiment Station, State College, Pennsylvania 


The ascorbic acid content of evaporated milk has been investigated by 
Meulemans and de Haas (9), who concluded that the canned product con- 
tains as much vitamin C as does ‘‘prepared’’ fresh milk. These workers 
apparently used a direct titration procedure with 2,6-dichlorobenzenonein- 
dophenol and obtained data ranging from 20 to 30 mg. per liter of ascorbic 
acid in evaporated milk reconstituted to a fluid basis. 

Henry, Houston, Kon and Osborne (3), using the precipitation technique 
of Kon and Watson (8), titrated milk serum with the indophenol dye and 
found losses of about 30 per cent in the total ascorbic acid content of evapo- 
rated milk due to manufacture, with a subsequent gradual loss in storage. 
Appreciable quantities of dehydroascorbie acid were noted upon reduction 
of the milk serum with hydrogen sulfide, scrubbing with nitrogen and sub- 
sequent titration. 

Woessner, Elvehjem and Schuette (13) found only insignificant amounts 
of dehydroascorbice acid in evaporated milk using a photoelectric method 
and extrapolating galvanometer readings to zero time, which procedure they 
found corrected errors due to spurious reducing substances resulting from 
the effect of hydrogen sulfide on milk ingredients other than dehydroascorbic 
acid. These workers state that the metallic nature of the manufacturing 
equipment is not related to the ascorbic acid content of evaporated milk nor 
are the use of stabilizing salts, the degree of preheating or geographical 
considerations. 

' Kon and Henry (7) noted a loss of 43 per cent in the ascorbic acid con- 
tent of fresh fluid milk as a result of sterilizing at a temperature of 230° F., 
whereas Josephson and Doan (5) showed that moderately high temperatures 
(170° F. to boiling) cause a stabilization of the ascorbic acid of milk as a 
result of heat produced, sulfhydryl, reducing substances derived from cer- 
tain milk proteins. 


PLAN OF STUDY 


The study reported here was undertaken to obtain further information 
relative to the ascorbic acid content of evaporated milk, particularly with 
respect to factors in manufacturing which may influence its destruction and 
subsequent stability. This study was made possible by the cooperation of 

* Authorized for publication April 8, 1943, as paper No. 1175 in the Journal Series 


of the Pennsylvania Agricultural Station. 
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the Evaporated Milk Association which furnished samples and complete 
manufacturing information from 27 plants located in all sections of the 
country. Four series of samples were supplied in triplicate, in April 1940, 
December 1940, June 1941, and October 1941, hereafter referred to as series 
I, II, III, and IV, respectively. One sample in each set was examined when 
received, another after three months storage at room temperatures, and the 
third after five or six months from the date of manufacture. Examinations 
consisted of determinations of total reducing substances (calculated as ascor- 
bie acid), reduced ascorbic acid, dehydroascorbie acid, pH and copper ; and 
a visual appraisal of the degree of spangling of the tin plate of the cans. 

Preliminary observations showed that while fluid milk heated to boiling 
temperature gives a positive nitroprusside test for sulfhydryl compounds, 
these do not interfere with the direct titration for ascorbic acid by the 
method of Sharp (11). However, when milk is heated at temperatures and 
for times comparable to the sterilizing process for evaporated milk (240° F. 
for 15 minutes) reducing substances reacting with the indophenol dye 
appear, though the nitroprusside reaction is negative. King (6) states that 
some sulfhydryl compounds and carbohydrate decomposition products are 
especially likely to react with the dye and both of these classes of substances 
are probable in sterilized milk. Direct titration values as high as 60 to 70 
mg. per liter calculated as ascorbic acid were noted in freshly sterilized 
reconstituted evaporated milk. Studies of spontaneous oxidation of evapo- 
rated milk and oxidation catalyzed by sunlight and copper indicated that 
neither the reducing substances other than ascorbie acid, nor ascorbic acid 
itself, are preferentially oxidized but that both disappear simultaneously 
following similar smooth curves. 

A direct titration procedure for evaporated milk not being possible, a 
technique involving precipitation of the proteins was studied. A coagulat- 
ing solution consisting of trichloroacetic acid and metaphosphoric acid sug- 
gested by Musulin and King (10) was found suitable but the concentrations 
were increased to 6 per cent and 4 per cent, respectively, since it appears 
that all interfering substances are thus filtered out with the proteins and 
the stability of the ascorbic acid is also improved. 

A considerable amount of time was spent in attempting to perfect a 
satisfactory procedure for determining dehydroascorbic acid in evaporated 
milk by hydrogen sulfide reduction. This was not wholly successful since 
it was found impossible to eliminate the difficulty with spurious reducing 
substances formed by the action of the sulfide on certain milk constituents. 
Most of these substances are eliminated by precipitation with the coagulating 
reagent but sufficient remain in the clear serum to cause an almost constant 
error, equivalent to about one mg. per liter of ascorbic acid when results are 
compared with those obtained using Esselen and Fuller’s (1), ‘‘Crook’s 
strain of E. coli,’’ as applied te milk by Gunsalus and Hand (2). 


| 
| 
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METHODS 


The cans of evaporated milk were well shaken, opened and immediately 
diluted with an equal volume of recently boiled distilled water. Total re- 
ducing substances were determined at once by direct titration with 2,6-di- 
chlorobenzenoneindophenol dye utilizing a microburette according to the 
method of Sharp (11). Blanks were obtained by treating a portion of the 
sample with 5 ppm. of copper (as sulfate) and titrating to constant values. 
This required from 5 to 8 days. Direct sunlight blanked the samples in 
much shorter time but was not dependable. Reduced ascorbic acid was 
determined by treating 25 ml. of the reconstituted milk with 26.7 ml. of 
coagulant consisting of 6 per cent tricholoracetic acid and 4 per cent meta- 
phosphoric acid (the additional 1.7 ml. being used in order to compensate 
for the volume of the curd). The coagulum was immediately filtered and 
20 ml. of the serum (equivalent to 10 ml. of the reconstituted milk) titrated 
with the indophenol dye. Blanks for the serum were obtained by treating 
a portion with 5 ppm. of copper and titrating to constant values. The time 
required to blank the serum was less than 3 days. Dehydroascorbie acid 
was determined by treating about 200 ml. of the reconstituted milk with 
hydrogen sulfide gas for one or two minutes in Erlenmeyer flasks, stopper- 
ing, holding for 24 hours, followed by the treatment of 50 ml. with 53.4 ml. 
of the coagulant, filtering and scrubbing the serum in large test tubes with 
wet, oxygen-free, nitrogen gas for one hour. Twenty ml. were then titrated 
with the dye and blanks obtained as mentioned for reduced ascorbic acid. 
The difference in reducing power as a result of the sulfide treatment was 
ascribed to dehydroascorbie acid. As mentioned previously, this value for 
dehydroascorbic acid was found to be in error to the extent of approximately 
1 mg. per liter calculated as ascorbic acid. The sulfide method was used 
because it was found to be considerably less tedious than other methods and 
because the amounts of dehydroascorbic acid found in samples of evaporated 
milk were almost negligible. pH values were obtained for the reconstituted 
samples using a Coleman pH meter and copper analyses were made by the 
carbamate method of Williams (12) adapted to a photoelectric technique. 
The tins from which the samples came were carefully washed, dried and held 
until the end of the storage period, after which they were examined on a 
comparative basis for etching and spangling of the tin plate. 

A study of the loss of ascorbic acid during manufacture and storage was 
also made by preparing evaporated milk in the laboratory from normal milk 
and from milk reinforced with ascorbic acid. Examinations were made at 
various intervals up to nine months. 


RESULTS 


Data concerning total reducing substances (calculated as ascorbic acid), 
reduced ascorbic acid and copper for the four series of evaporated milk 
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samples are presented in summarized form in table 1. These are shown in 
the form of mean values, ranges, medians, and modes for each series, for 
each examination period and for milk manufactured in southern plants as 
compared with that made in northern plants. The date of manufacture and 
the approximate interval between analyses are also indicated for each series 
of samples. 

Total Reducing Substances 


When evaporated milk was reconstituted to a fluid basis and titrated 
directly with 2,6-dichlorobenzenoneindophenol dye according to the method 
of Sharp (11), reducing values higher than would be found with fresh fluid 
milk were generally obtained, agreeing with the findings of Meulemans and 
de Haas (9) who erroneously concluded that the reducing action under 
such conditions is entirely attributable to reduced ascorbic acid. More than 
85 per cent of the reducing ability was found to be due to substances other 
than reduced ascorbic acid. These substances could be totally removed by 
precipitation with a solution of 6 per cent trichloroacetic acid and 4 per cent 
metaphosphorie acid followed by filtering. The total reducing power of 
evaporated milk decreased between the third week and the third month of 
storage and increased between the third month and the fifth or sixth month 
for no known reason. This was noted, however, in all four series and in 
most of the individual samples. Some samples gave higher values at five 
or six months than at three weeks, even though they might have dropped 
considerably at the three month examination. 


Reduced Ascorbic Acid 


The greatest amount of reduced ascorbic acid found in any sample 
analyzed was 10 mg. per liter of reconstituted evaporated milk. The aver- 
age for all samples, however, was 4.1 mg. per liter which represents a loss 
of somewhat more than 75 per cent from the average amount found in mixed 
freshly drawn fluid milk. Compared with average pasteurized bottled milk, 
as it reaches the consumer, the ascorbic acid content of evaporated milk, on 
the average, was found to be about one-half as great. It appears from the 
data shown in table 1 that the greatest loss of ascorbic acid in evaporated 
milk occurs during manufacture (possibly at the sterilizers) and during 
the first month or so of storage. Sometime between three weeks and three 
months after manufacture the ascorbic acid seems to reach a state of stabil- 
ity, little loss occurring thereafter. This stable point may coincide with the 
exhaustion of oxygen in the can, as may also the rise in total reducing ability 
of the milk, previously mentioned. 

Two other conclusions may be drawn from the data summarized in table 
1, neither of which can be readily explained. Samples of evaporated milk 
in series I and III, manufactured in April and June, respectively, were 
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definitely higher in reduced ascorbic acid than those in series II and IV, 
manufactured in December and October respectively. At the bottom of the 
table a summary of data obtained from samples manufactured in southern 
states is compared with that obtained from samples manufactured in north- 
ern states. The conclusion seems inescapable that evaporated milk from 
northern plants contains on the average somewhat greater quantities of 
ascorbic acid. Whether this is related to geography or dairy practices is a 
question that cannot be answered from the facts available. This conclusion 
is not in accord with the findings of Woessner, Elvehjem and Schuette (13). 

It was impossible to find any relationship between the reduced ascorbic 
acid content of evaporated milk and factors encountered in the handling and 
processing of the product such as: metallic nature of the equipment, fore- 
warming treatment, amount or kind of stabilizing salts used, irradiation or 
lack of it and sterilizing procedure. In this respect the results confirmed 
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Fic. 1. Lack of relationship between copper content of evaporated milk and amount 
and stability of reduced ascorbic acid. 


those of Woessner, Elvehjem and Schuette (13). Evaporated milk from 
plants having stainless steel or nickel-chromium equipment throughout ex- 
hibited neither greater quantities of reduced ascorbic acid nor increased 
stability of the vitamin. Nevertheless, it was thought that some relationship 
might be noted between the copper content of the milk itself and the ascor- 
bie acid. 

Copper 


In the entire study, the lowest copper content noted was 0.36 ppm., on a 
reconstituted milk basis, while the highest found was 2.60 ppm. A summary 
of the copper contents of the samples is shown in table 1. To illustrate more 
specifically, the lack of relationship between copper content and the amount 
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and stability of reduced ascorbic acid these values, for each sample in each 
series, were plotted against each other in figure 1. Each sample is repre- 
sented by a line located on an ordinate indicating its copper content. The 
top of the line is on an abscissa representative of its reduced ascorbic acid 
content at the first examination while the lower end of the line is indicative 
of the ascorbic acid content at the last examination (5-6 months). Thus, 
the lines show not only the amount of reduced ascorbic acid, but its relative 
stability at the various copper levels, the longer lines representing greater 
loss on. holding and the shorter lines lesser loss. The irregular pattern of 
the lines both as to placement and length is evidence that control of the 
amount of dissolved copper in evaporated milk (within the ranges observed) 
is not a factor of outstanding importance in preventing losses of ascorbic 
acid. 
Dehydroascorbic Acid 


Evaporated milk samples of series III and IV were analyzed for dehydro- 
ascorbic acid by the sulfide method previously described and series IV by 
the bacteriological technique of Gunsalus and Hand (2). The former 
method gave results approximately 1 mg. per liter higher than the latter 
and were inclined to be occasionally erratic and of dubious accuracy. A 
comparative summary of the results obtained on samples of series IV at 
the third examination is presented in table 2. If the results obtained by 


TABLE 2 


Reduced ascorbic acid and dehydroascoric acid content of evaporated milk after 
siz months’ storage. (Reconstituted basis) 


Dehydroascorbic Dehydroascorbic 
A acid acid 
Sulfide method— Bacterial method— 
examination mg./l. ang./1. 
Mean Range Mean Range Mean Range 
27 samples 3.2 1.0-6.2 1.8 0.1-2.7 0.8 0.0-1.8 


the bacterial reduction method are accepted as correct (and these are in con- 
formity with the findings of Woessner, Elvehjem and Schuette using a dif- 
ferent method), then it must be concluded that the amount of dehydro- 
- ascorbic acid in evaporated milk is nutritionally negligible, notwithstanding 
the fact that in some cases where the amount of reduced ascorbic acid is 
very low, it may account for upwards of 50 per cent of the total ascorbic 
acid of the milk. 
pH 


No relationship was evident between the pH of samples of evaporated 
milk and their ascorbic acid content, nor between pH and the stability of 
ascorbic acid. It was noted, however, that the pH of all the samples de- 
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creased on storage in a rather uniform manner. Table 3 shows in summary 
fashion a comparison of the drop in pH between milk manufactured in the 
spring and that manufactured in the autumn. Evaporated milk manufac- 
tured in the spring appears to have a lower pH when freshly made but the 
value does not drop as rapidly as in the case of autumn produced milk which 
has a higher initial pH. 

TABLE 3 


Decrease in pH during storage of evaporated milk manufactured in the 
spring and in the autumn 


Storage period 
manufnetured aed 2 to 4 weeks 3 months 5 to 6 months mene 
pH pH pi pH 
Spring 6.24 6.20 6.17 0.07 


Spangling of the Tins 

Of all the observations made on the samples of evaporated milk in this 
study, only two exhibited any relationship to each other. The degree of 
spangling noted on the inside of the tin cans after removing the milk cor- 
related inversely with the copper content of the milk. All cans were ex- 
amined and some relationship was evident even at the first examination, but 
it was much more recognizable at the last examination. Judgments of the 
degree of spangling were considered more accurately made in series IIT and 
IV than in I and II, although all four series exhibited similar relationships. 
Accordingly, only the results obtained with series III and IV samples are 
shown in table 4 which summarizes the relationship between copper content 
and spangling. The degree of spangling is indicated in an arbitrary way 
by the number’of plus marks, while the average copper content of the evapo- 
rated milk is shown in parts per million. It seems probable that sulfide and 
sulfhydryl substances, arising through the action of the heat of sterilization 
on evaporated milk proteins, react with the tin plate to form tin sulfide caus- 
ing a spangling or etching of the surface (4). If appreciable quantities of 
copper are present in the milk, the sulfides and sulfhydryls may be partially - 
oxidized and rendered less active in attacking the tin of the cans. 


STUDIES WITH LABORATORY PREPARED EVAPORATED MILK 


A small batch of fluid whole milk containing 13.9 mg. per liter of reduced 
ascorbic acid was forewarmed at 202° F. for 10 minutes without affecting 
the ascorbie acid content. It was concentrated to a solids-not-fat content 
of approximately 18 per cent and homogenized. The ascorbic acid dropped 
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to 12.2 mg. per liter. The batch was divided into two parts, one of which 
was reinforced with pure ascorbic acid to the extent of 25 mg. per liter (fluid 
basis). Both portions were filled into tins and sterilized at 240° F. for 15 


TABLE 4 


Inverse relationship between copper content of evaporated milk and degree of 
spangling of the cans after 5-6 months’ storage 
(Series III and IV) 


Degree of spangling | + | + ++ H+ 
Copper Content ppm. 


Series III - 97 89 54 51 
Series 1V 2.20 1.01 96 -70 49 


minutes. As a result of sterilization, the ascorbic acid fell from 12.2 to 8.3 
mg. per liter in the normal milk and from 36.4 to 26.1 mg. per liter in the 
reinforced milk. Samples of the two lots of milk were examined at intervals 
up to nine months of storage at room temperature. In the first samples 


TABLE 5 


Loss of reduced ascorbic acid in evaporated milk and reinforced evaporated milk due to 
concentration, sterilization and storage for nine months. 
(Reconstituted basis) 


Sample reinforced 25 mg./l. 
Normal sample ascorbic 
Time examined Dehydro- Dehydro- 
Reduced ascorbic Reduced ascorbic 
ascorbic acid acid ascorbic acid acid 
(bacterial ) (baeterial ) 
mg./l. |% loss mg./l. mg./l. | % loss mg./l. 
Forewarmed (dilution) | 12.7 |. ....... 0.9 
Forewarmed (corrected) ........ | 14.0 | 
Concentrated and homogenized | 12.2 0.0 1.8 36.4 0.0 1.8 
Sterilized 8.3 | 32.0 0.1 26.1 | 28.3 0.3 
24 hours after sterilization ..... 7.2 | 40.9 0.1 24.8 | 31.9 0.1 
48 hours storage cn 7.0 | 42.3 0.4 24.2 | 33.5 0.1 
6.3 | 48.3 23.1 | 36.5 
9 days storage 0.0.00... 5.7 | 52.3 21.7 | 40.8 
3 weeks storage ................ 5.0 | 59.0 19.6 | 46.3 
5 weeks storage eck ccn 4.0 | 67.2 17.8 | 51.1 
7 weeks storage ................. . =. 16.7 | 54.3 
3 months storage ......... 4.0 | 67.2 sea 16.8 | 53.9 
7 months storage 0... 4.1 | 66.4 sed 16.5 | 54.7 
9 months storage | 42 | 656 | 15.9 | 56.3 


examined determinations of dehydroascorbie acid were made, by the bac- 
terial method (2), but these were discontinued since insignificant amounts 
were found in the heated milk. Table 5 exhibits the data obtained in this 
study. 
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In both the normal and the reinforced evaporated milk the ascorbic acid 
content dropped slowly but continuously until between the fifth and seventh 
weeks of storage, at which time the normal milk had lost 67.2 per cent of the 
amount present when sterilized and the reinforced milk had lost between 51.1 
and 54.3 per cent. No further significant losses in ascorbic acid occurred, 
indicating that an equilibrium is reached which may correspond with the 
exhaustion of oxygen in the can. Apparently no quantitative relationship 
exists between the amount of oxygen in the can and the amount of reduced 
ascorbic acid oxidized, inasmuch as the cans were all filled to about the same 
degree, yet more than twice as much ascorbic acid was oxidized in the case 
of the reinforced evaporated milk than in the case of the normal evaporated 
milk, notwithstanding the fact that the percentage loss was less. If means 
could be developed to reduce the loss of ascorbic acid occurring before the 
equilibrium point is reached, it might be feasible and desirable to reinforce 
all evaporated milk with ascorbic acid. Studies dealing with this possibility 
are now being conducted. 


CONCLUSIONS 


The direct titration method of Sharp (11) for determining reduced ascor- 
bic acid is not applicable to evaporated milk because of the spurious reducing 
substaaces formed during sterilization, but a precipitation procedure em- 
ploying trichloroacetic acid and metaphosphoric acid removes these sub- 
stances along with the protein and titration of the serum gives satisfactory 
results. 

No methods were found satisfactory for overcoming the errors inherent 
in the hydrogen sulfide reduction procedure for estimating the amount of 
dehydroascorbic acid in evaporated milk when these were compared with 
results obtained using the bacterial procedure of Gunsalus and Hand (2). 

The amount of dehydroascorbic acid in evaporated milk at any time after 
sterilization is nutritionally insignificant and this determination can be 
omitted without appreciable error. 

There is no relation between the metallic nature of the equipment used 
for processing evaporated milk, the forewarming treatment, the amount 
and kind of stabilizing salts employed, irradiation or the sterilizing process 
and the amount or stability of ascorbic acid contained in the product. 

The amount and stability of ascorbic acid in evaporated milk is not 
related to the copper content, contrary to expectations. 

Evaporated milk manufactured in the spring and early summer appears 
to contain more ascorbic acid than that made in the fall and early winter, as 
does also that produced in northern plants as compared with similar milk 
manufactured in plants located in southern sections of the country. 

The greatest loss of ascorbic acid apparently takes place before, during 
and immediately after the manufacture of evaporated milk, a further 
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gradual loss occurring during the first two months of storage. After 
approximately six weeks to two months of storage, however, little further 
loss occurs up to nine months of storage and presumably longer. 

Spangling or etching of the tin of evaporated milk cans is invariably 
observable after two months of storage. The degree of spangling is in- 
versely correlated with the copper content of the milk. 

The pH of evaporated milk decreases during storage, but milk manufac- 
tured in the spring and summer appears to be slightly better buffered than 
that made in the fall and winter. 
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RENNIN ACTION IN RELATION TO THE WATER BINDING AND 
ELECTROKINETIC PROPERTIES OF CALCIUM AND 
SODIUM CASEINATE SOLS* 


L. HANKINSONt L. 8. PALMER 
Division of Agricultural Biochemistry, University of Minnesota, St. Paul, Minnesota 


Séhngen, Wieringa and Pasveer (9) proposed a theory supported by 
viscometry evidence that a certain amount of dehydration of the casein 
explains the action of rennin as far as the initial stage of the rennin coagu- 
lation process is concerned. Richardson and Palmer (7) have shown that 
rennin decreases the electrokinetic charge on the casein micelles, and since 
Smoluchowski (8) has shown that a suspension of charged particles is more 
viscous than one of uncharged particles, the reality of a true dehydration 
effect is open to question. 

Briggs (1) and Hankinson and Briggs (3) investigated the hydration of 
sodium gum arabic and sodium and calcium caseinate systems by applying 
the Krasny-Ergen (5) equation for electroviscous effect, which interrelates 
hydration and the electrokinetic potential. The viscosity relationships in 
the equation were verified by data on these colloidal systems, but a colloid 
concentration factor appears to be necessary for proper evaluation of the 
radius of the micelles. The order of magnitude and fundamental reason for 
the necessity of this factor have not been established, so the casein concen- 
tration was held constant in the experiments which follow. 

It was the purpose of the investigation reported in this paper to extend 
the study of the electroviscous effect to rennin-treated caseinate systems with 
the view of trying to determine whether a true dehydration really occurs or 
if the decrease in viscosity is accounted for by the decrease in electrokinetic 
charge. In addition a comparison was made with the effects of pepsin, a 
highly proteolytic as well as milk clotting enzyme. 

The rennin used in this study was the purified product described by 
Hankinson and Palmer (4) and was freshly dialyzed as needed. It pos- 
sessed four and one-half times the milk clotting activity of the original 
rennet extract’ on a salt-free dry basis and only seven per cent of the origi- 
nal proteolytic activity. The use of this rennin should minimize effects 
which might be due to proteolysis or to impurities present in the rennet 
extract. The pepsin used was an Armour 1: 10,000 U.S.P. product. 

Received for publication April 16, 1943. 

* Paper No. 2076, Scientific Journal Series, Minnesota Agricultural Experiment Sta- 
tion. The data are taken from the Ph.D. thesis of C. L. Hankinson, University of Minne- 
sota, 1939. 

t Present address: Carnation Company Research Laboratory, Milwaukee, Wisconsin. 


1 Generous supplies of rennet extract were kindly furnished by the Chr. Hansen’s 
Laboratories, Milwaukee, Wisconsin. 
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The previously cited references (1) and (3) should be referred to for a 
discussion of the experimental limitations and applications of the equation 
for the electroviscous effect. The equation in its linear form is repeated 
here for ready reference. 

Yio 1 1 
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Measurements were taken of electrokinetic potential (C) specific conduc- 
Ys 


and the data were calculated and 


tivity (A) and relative viscosity 


plotted ethane as coordinates after converting to electro- 


d 
Yisp A(iis No) 
static units. It was possible in this manner to evaluate the volume per cent 
() oceupied by the dispersed phase from the Y-intercept, using the Ein- 
stein constant 2.5 for K. Theoretically, it should be possible to evaluate the 
average radius (r) of the particle from the slope of the plot, using the 
dielectric constant (<) of water at 30° C. 

The experimental conditions and methods used were identical with those 
described previously for sodium gum arabic and caseinate systems. A tem- 
perature of 30° C. was employed for the viscosity and conductivity measure- 
ments using a thermostatically controlled water bath. A temperature of 
28-30° C. was employed for the migration measurements, this being the 
range of fluctuation in room temperature. All mobility data were corrected 
to 30° C. in the usual manner according to the viscosity ratio of water at the 
two temperatures. 

The purified, electrodialyzed, 100-mesh casein was prepared according to 
the Van Slyke (10) modification of the Van Slyke and Baker (11) method. 
Sols were prepared by triturating the dry casein with 15 ml. of saturated 
ealeium hydroxide solution per gram of casein or five ml. of N/10 sodium 
hydroxide solution per gram of casein, bringing the pH to approximately 6.6. 
The sols were then diluted to the desired concentration (2.5 per cent casein), 
stirred mechanically for one-half hour and used within a few hours after 
preparation. 

Artificial ‘‘milks’’ were prepared by dissolving the casein in an excess of 
calcium hydroxide solution, cooling to 10° C., titrating back with one per 
cent H,;PO, solution accompanied by rapid mechanical stirring, aging at 
2° C. over night and dialyzing for 24 hours in ‘‘ Visking’’ casings at 6° to 
7° C., using one change of water (ten volumes) after about six hours. One 
‘‘milk’’ sample was removed at a time from the cold, warmed to room tem- 
perature, the necessary addition of salt or rennin made and the sample held 
for one-half hour. All the measurements were then taken before removing 
the next sol from the cold. Variations due to hysteresis were minimized in 


this manner. 
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No attempt was made in this study to determine the effect of varying the 
hydrogen ion concentration, but the pH was measured for all samples, using 
a Coleman pH electrometer. 


EXPERIMENTAL RESULTS 


Effects of CaCl, and Rennin on Calcium Caseinate Sols 
The experimental data showing the effects of adding CaCl, and rennin to 
calcium caseinate sols are recorded in table 1. Calculations from the data 
are plotted in figure 1 for the purpose of evaluating @ and r in studying the 
electroviscous effect. 


TABLE 1 
The effects of CaCl, and rennin on calcium caseinate 
y/sec. 
Experi- 
mental pH volt/em. — Ne» 
variable x10“ | em.x10-* | -mv. | ™ | Es.u.x10~+| ™ 
mhos. 

I. Calcium caseinate and varying amounts of CaCl,(N)? 
0.0 N 6.63 2.39 1.54 17.4 1.605 0.323 1.65 
0.0005 N 6.63 2.81 1.50 17.0 1.555 0.286 1.80 
0.001 N 6.63 3.26 1.52 17.2 1.478 0.293 2.09 
0.002 N 6.63 4.24 1.40 15.8 1.358 0.254 2.79 
0.0056 N 6.50 7.35 1.23 13.9 1.253 0.160 3.95 


II. Calcium caseinate and varying amounts of rennin (R)|| 


10* R 6.63 2.41 1.52 17.2 1.429 0.442 2.33 
10* R 6.63 2.41 1.45 16.4 1.324 0.532 3.09 
10* BR 6.63 2.45 1.45 16.4 1.305 0.556 3.28 
10*+ R 6.63 2.69 1.34 15.2 1.280 0.473 3.57 
Undil. R 6.51 3.18 1.23 13.9 1.259 0.362 3.86 


ITI. Calcium caseinate and undiluted rennin at varying reaction time (min.) 


0.0 min. | 6.63 2.39 1.55 17.5 1.620 0.319 1.61 
a: kr 2.52 1.40 15.8 1.357 0.429 2.80 
=. Ue 2.56 1.37 15.5 1.334 0.434 3.00 
| 2.60 1.34 15.2 1.327 0.420 3.06 
11.0 ~=min. 2.65 1.33 15.0 1.320 0.410 3.13 
20.0 min. |... 2.76 1.31 14.8 1.315 0.389 3.18 
30.0 min. 2.85 1.30 14.7 1.310 0.378 3.23 


* Migration rates measured at room temperature 28° C. and corrected to 30° C. 

t Conversion factor for E.8.U. = 1.235 x 10-*. 

t N is the normality concentration of CaCl, in the final solution. 

§ Higher concentrations of CaCl, caused a precipitate. 

|| 1.0 ml. solution at the concentration stated added per 100 ml. sol. and allowed to 
stand for 24 hrs. before taking measurements. ‘ 


Figure 1 shows that CaCl, and rennin additions to calcium caseinate sols 
have entirely different effects on the relations between the relative viscos- 
ity function expressed ae and the (-potential function expressed as 
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( ¥js— Yo) 
manded by the Krasny-Ergen equation is fulfilled when CaCl, is added to 
calcium caseinate sols as shown in a previous paper (3). Upon extrapola- 
tion to the Y axis the value for o is found to be 6.45 when K=2.5 and the 
concentration of dry casein is 2.5 grams per 100 ml. Considerable water has 
evidently been taken up into the micelle, causing swelling. The electro- . 
viscous effect is shown to be surprisingly high, the relative viscosity of the 
sol being 1.605 as compared with a calculated value of 1.161 in the absence 
of electroviscous effect. 

In the study of the effect of different concentrations of rennin the lower 
amounts of rennin result in the relative viscosity—C-potential relation having 
a positive instead of a negative slope (graph AC) required for a true electro- 
viscous effect by the Krasny-Ergen equation. Even the lowest concentra- 
tion of rennin employed causes a rapid increase in the viscosity function 
with a slight increase rather than a decrease in the (-potential function. 
A point is reached, however, where the slope of the graph reverses and a true 
electroviscous relationship again develops (graph CD). However, the slope 
of the new electroviscous relation is more horizontal than found in the case 
of adding CaCl, to the ecaseinate sol, thus indicating a larger particle size. 


A linear relationship with a negative slope (graph BA) as de- 


The value obtained by extrapolation to the Y axis is lower than in the 


Ko 
case of adding CaCl, to the sol, indicating a larger value for ¢ (upon caleu- 
lation ¢= 8.00). Here are two indications that a larger particle exists after 
rennin has acted than existed originally even though a marked decrease in 
relative viscosity has oceurred. 

Calculations for the radius and number of particles have been omitted 
as they are only relative and cannot be taken as absolute values because: 1) 
a colloid concentration factor is missing from the electroviscosity equation ; 
2) considerable variation has been found between sols even when the greatest 
effort is made to keep all factors constant; 3) errors in measurements may 
become magnified when so many variables are considered in the equation ; 
and 4) many assumptions are made in deriving the electroviscosity equation 
which may or may not be fulfilled by these particular systems studied. 

The data in part ITI, table 1, in which one ml. of undiluted, dialyzed 
rennin was added to 100 ml. of calcium caseinate sol, and measurements 
made at stated intervals of time, show the same type of graphic relationship 
as part II (fig. 1, graph AEF). The difference in the relationship probably 
lies in the fact that 2.5 hours were allowed for attaining equilibrium in 
part II, consequently the extent of the reaction was increased. It appears 
that the same course of action is followed whether a high concentration of 
rennin acts for a short time or whether lower concentrations of rennin are 
allowed to react for a longer time and proceed to equilibrium. 


| 
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It was established that the trace of NaCl remaining in the dialyzed 
rennin solution did not contribute to the changes evidenced when rennin was 
added to the caseinate sols. 

It was found impossible to show the electroviscous effect of both CaCl, 
and rennin on the same sample, even at the lower concentrations, because of 
the formation of precipitates. 


FIG. #16. 2 


of OF 84 0.2 as of 84 
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Fig. 1. The effects of CaCl, and rennin on calcium caseinate. Graph AB = varying 
amounts of CaCl,; graph ACD = varying amounts of rennin; graph AEF = undiluted ren- 
nin at varying reaction time (min.). 

Fig. 2. The effects of NaCl and rennin on sodium caseinate. Graph AB = varying 
amounts of NaCl; graph AK=varying amounts of rennin; graph CD=varying amounts 
of NaCl alone; graph EF=10~ rennin and varying amounts of NaCl; graph GH=10" 
rennin and varying amounts of NaCl; graph IJ = undiluted rennin and varying amounts 
of NaCl. 

Fie. 3. The effects of varying amounts of rennin on dialyzed artificial ‘‘milks.’’ 
The letters on the graphs correspond to ‘‘milks’’ with varying composition shown in 
table 3. 

Fic. 4. Comparison of effects of purified rennin, rennet extract and pepsin on caleium 
easeinate. @ =purified rennin; © = rennet extract; x = pepsin. 
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The Effects of NaCl and Rennin on Sodium Caseinate 


The measurements and calculations from the data for sodium chloride 
and rennin added singly to a sodium ecaseinate sol are presented in table 2 
and graph BAK, figure 2. Several striking differences are noted between 
sodium and calcium caseinate sols at the same pH. The former yields a clear 
sol while the latter is milky. The relative viscosities are 2.159 and 1.605, 
(-potentials — 24.4 and -—16.6 millivolts and the specific conductivities 
7.57 x 10°* mhos and 2.39 x 10 mhos respectively. 

The Krasny-Ergen equation fits the data fairly well for the electro- 
viscosity of sodium caseinate. The relative viscosity decreased from 2.159 
to an extrapolated value of 1.725 at zero (-potential. The calculated value 
for » in the absence of electroviscous effect is 29.0. This value when com- 
pared with 6.45 for calcium caseinate, shows that the sodium caseinate 
micelle is much more highly hydrated. This may be due to the greater pene- 
tration of the monovalent NaOH into the micelle with the resulting osmotic 
effect of drawing more water into the micelle to establish equilibrium. 

The graph for the effect of rennin on sodium caseinate (AK, fig. 2) shows 
a positive slope throughout. There is no reversal of slope corresponding 
to an apparent agglutination of particles as was evidenced with calcium 
caseinate. Examination of the data in table 2, Experiment II, indicates that 
the phenomenon appears to be principally one of dehydration accompanied 
by a decrease in (-potentia:. Both stabilizing factors were reduced ma- 
terially but they were both so high initially that the critical point for 
agglutination was not attained. 

The charge and hydration of sodium caseinate were still sufficiently large 
after the most concentrated rennin had acted to permit a study of the electro- 
viscous effect of the addition of NaCl to the sols. The purpose of this study 
was to determine the change in radius of the particle and the value for o 
after rennin had acted. Table 2, Experiments III—-VI and figure 2, graphs 
CD, EF, GH and IJ, show the results of this experiment. 

Although the points do not all fall on straight lines, it may be noted that 
the slopes of the lines are becoming more horizontal as the amount of rennin 
is increased (compare line IJ with line CD). It may be assumed that the 
rennin dehydrates the particles materially and when NaCl is added to this 
partially dehydrated system an agglutination of colloidal particles is brought 
about. This would account for the more horizontal slope and larger radius. 
The sols in Experiment VI were all very milky in appearance and undoubt- 
edly some agglutination had occurred. Both the relative viscosity at zero 
(-potential and the caleulated @ show a marked decrease with increasing 
rennin concentration as contrasted with the results on calcium caseinate sols. 


Effect of Rennin on Calcium Caseinate—Calcium Phosphate ‘‘ Milks’’ 


Four ‘‘milks’’ were prepared according to the method already described. 
At first considerable difficulty was encountered with instability but it was 


i 
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found that if the titration and dialysis were carried out at 7—10° C. satisfac- 
tory stability resulted. Dialysis was necessary to eliminate the clotting 
phase and obtain interpretable results. 


TABLE 2 
The effects of NaCl and rennin on sodium caseinate 


volt/em. t Ne) 


x 10“ .x10 | my. E.8.U. x 
em. X mv 


I. Sodium caseinate and varying amounts of NaCl (N) 


6.63 7.57 2.26 25.6 2.159 0.115 
6.63 8.71 2.30 26.0 2.180 0.102 
6.63 | 12.58 2.32 26.2 2.039 0.081 
6.63 | 18.42 2.08 23.5 1.912 0.051 
6.55 | 28.89 1.74 19.7 1.790 0.027 


pH 


AZAALAZA 


II. Sodium caseinate and varying amounts of rennin (R) 


6.63 d 2.22 25.1 1.961 0.132 
6.63 d J 23.5 1,834 0.131 
6.61 d J 22.8 1.727 0.142 
6.58 d d 21.8 1.596 0.158 
6.50 d 20.6 1.437 0.192 


III. Sodium caseinate with varying amounts of NaCl (N) 


6.62 ° J d 1.910 0.100 1.099 
| 6.62 1.921 0.085 1.086 
| 6.57 d . 1.831 0.065 1.203 
| 6.57 1.734 0.050 1.362 
6.50 J 1.652 0.016 1.534 


IV. Sodium caseinate and 10-* rennin with varying amounts of NaCl (N) 
| 6.62 4 | 1.642 0.170 
6.63 1.601 0.155 
6.57 . j - 1.559 0.104 
| 6.57 1.518 0.068 
| 6.48 : 1.463 0.042 


V. Sodium caseinate and 10-* rennin with varying amounts of NaCl (N) 


6.61 d 2.08 23.5 1.548 0.198 1.825 
6.59 J 1.66 18.8 1.492 0.125 2.033 
6.55 . 1.73 19.6 1.471 0.095 2.123 
6.50 J 1.74 19.8 1.451 0.071 2.217 
6.46 s 1.72 19.5 1.424 0.047 2.358 


ium caseinate and undiluted rennin with varying amounts of NaCl (N) 


0.0¢ 
0.001 
0.005 
0.02 


6.55 7.97 : 21.9 1.407 0.230 2.457 
6.51 9.04 : 19.0 1.355 0.175 2.817 
6.47 | 13.49 / 17.6 1.327 0.109 3.058 
6.43 | 19.20 ‘ 16.7 1.316 0.071 3.165 


ALZALZA 


* Higher concentrations of NaCl caused bubbling at electrode of the cataphoresis cell. 
t There was a gradual increase in turbidity from III to VI; all samples of lot VI were 


very milky. 


mental | —| 

0.862 
0.0 | 0.847 
0.005 0.962 
0.005 0.962 
008 1.266 
0.02" | 
1.041 
10 1.200 
10 1.376 
1.678 
Und 2.290 
Undil. 
0.0 
0.001 
0.005 
0.01 
0.02 
558 
0.0 558 
1.789 
0.00 
0.01 931 
0.02 
0.0 
0.001 
0.005 
0.01 
0.02 
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Each lot of ‘‘milk’’ contained five grams of casein with varied amounts 
of Ca(OH), and H;PO,. All were diluted to 200 ml. The volumes of satu- 
rated Ca(OH), solution present in milks A, B, C and D, table 3, were 75, 
100, 125, and 150 ml., respectively. The volumes of one per cent H,PO, 
solution were 0, 8.5, 14.5, and 19.5 ml. respectively. Figure 3 shows the 


TABLE 3 
The effects of rennin on dialyzed artificial milks 
p/sec. 

Cone. 
volt/em. t Ns Neo) 1 
added P No Nsp 

em. x 10-* — mv. E.S.U. x 10-* 

mhos. 

A. 5 gm. casein and 75 ml. saturated Ca(OH),, diluted to 200 ml. 

0 6.55 2.84 1.19 13.5 1.576 0.173 1.736 
10-* 6.55 2.86 1.22 13.8 1.596 0.173 1.678 
10- 6.55 2.83 1.14 12.9 1.425 0.215 2.353 
10° 6.55 2.95 1.10 12.4 1.327 0.248 3.058 
10> 6.52 3.17 1.09 12.3 1.306 0.242 3.268 
Undil, 6.47 3.66 0.96 10.9 1.278 0.182 3.597 


B. 5 gm. casein, 109 ml. saturated Ca(OH),., 8.5 ml. 1% H,PO,, diluted to 200 ml. 


0 6.35 2.51 1.43 16.2 | 1.430 0.377 2.326 
10-* 6.35 2.50 1.40 159 | 1.353 0.445 2.833 
10 6.35 2.51 1.33 15.0 | 1.305 | 0.457 3.279 
10-7 6.35 2.54 1.22 13.8 1.281 0.414 3.559 
10>? 6.31 2.68 1.15 13.0 1.262 0.374 3.817 
Undil. 6.25 3.07 0.95 10.8 | 1.238 | 0.249 4.202 

C. 5 gm. casein, 125 ml. saturated Ca(OH)., 14.5 ml. 1% H,PO,, diluted to 200 ml. 

0 | 6.50 2.89 1.28 14.4 1.362 0.307 | 2.762 
10-* 6.50 2.92 1.28 14.4 1.270 0.408 | 3.704 
10“ | 6.50 2.90 1.21 13.7 1,229 0.439 4.367 
10° | 6.48 2.89 1.19 13.5 1.218 | 0.448 | 4,587 
10> | 6.43 2.96 1.06 11.9 1.213 0.350 | 4.695 
Undil. | 6.35 3.30 0.91* 10.3 1.226* 0.221 4.425 
D. 5 gm. casein, 150 ml. saturated Ca(OH)., 19.5 ml. 1% H,PO,, diluted to 200 ml. 

0 6.57 2.52 1.25 14.2 1.308 0.405 3.247 
10-* 6.55 2.49 1.22 13.8 1.280 0.424 3.571 
10 6.55 2.47 1.15 13.0 1.221 0.481 4.525 
10 6.53 2.50 1.08 12.2 1.212 0.437 4.717 
10+ 6.51 2.68 1.11 12.6 1.207 0.445 4.831 
Undil. 6.48 3.11 0.95 10.8 | 1.202 0.289 4.950 

* Partial clot. 


effects of different concentrations of rennin on the relation between the rela- 
tive viscosity and (-potential functions in these ‘‘milks.’’ 

It is noticed that ‘‘milk’’ B had a considerably lower pH value than the 
other three samples. Too much phosphoric acid was added in titrating back 
to a pH below 6.6 and dialysis did not return the pH to the value desired. 
The effect of the low pH is reflected in the position of the graph being to the 
right of normal in figure 3. 
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The data for y;, A, C and pH of samples A, C and D in table 3 show that 
in the absence of rennin the y, decreases with no corresponding regularity 
of change in }, C and pH as the proportion of calcium phosphate is increased. 
It is evident that the addition of the hydrophilic colloid to the system does 
not produce a change in its electroviscosity. It appears probable therefore 
that the decrease in relative viscosity must be due either to a change in 
hydration or to a change in the shape of the particle or both. Evidence is 
not available to determine which of these alternatives is involved. 

The series of graphs in figure 3 demonstrates that the mode of action of 
rennin is the same on artificial ‘‘milks’’ as on simple calcium caseinate sys- 
tems, even though the initial viscosity is markedly lower in these systems. 

A further observation of importance in this study is the progressive 
decrease in electroviscous slope as the concentration of colloidal calcium 
phosphate increases. The interpretation is that the radius of the aggregate 
is larger at the higher calcium phosphate concentrations. It cannot be 
stated whether this is larger because of the size of the individual particles 
in the aggregate or because of the number present. 


The Effect of Rennin on Skim Milk 


It is desirable to know whether the experimental approach to the problem 
of rennin action, employed in the foregoing experiments, is applicable to the 
more complex natural systems existing in milk. Several difficulties are pre- 
sented. An attempt was made to eliminate the major ones by throwing out 
fat globules and coarsely suspended material in a Sharples Supercentrifuge, 
removing the free calcium by dialysis to prevent clotting when rennin is 
added and by making the caseinate system visible through addition of finely 
powdered quartz, on which the caseinate would be expected to be adsorbed. 
Various concentrations of rennin were added to samples of skim milk treated 
in this manner and the (-potential, relative viscosity and specific conduc- 
tivity measured. Although the changes observed were in the direction 
anticipated, they were not only small but the observed (-potentials were sur- 
prisingly low. As to the latter Moyer (6) has pointed out certain discrep- 
ancies in migration studies when employing protein-coated inert particles. 
In general, it can be concluded that experimental limitations prevent the use 
of natural milk for demonstrating the effects of rennin on the hydration and 
electroviscosity of its caseinate sols. 


Comparison of Effects of Purified Rennin, Rennet Extract and 
Pepsin on Calcium Caseinate 


A comparison of the effect of purified rennin, rennet extract and pepsin 
was made using enzyme solutions having equal concentrations of dry solids. 
The dialyzed purified rennin and rennet extract solutions were diluted to 
contain 0.6 per cent dry solids and an 0.6 per cent pepsin solution was pre- 
pared from the Armours 1: 10,000 dry scale preparation. These solutions 
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then constituted stock solutions and were diluted logarithmically and added 
in one per cent proportions to a 2.5 per cent calcium caseinate sol. 

The results of this study are shown in table 4 and figure 4. The only 
difference between the effects of highly purified rennin and rennet extract 
appears to be that of magnitude. Both the (-potential and y, decreased 
more and the ) increased more when purified rennin was used than when 


TABLE 4 
Comparison of effects of purified rennin, rennet extract and pepsin on calcium caseinate 
sec. 

Cone t Ns 1 

enzyme pH = 

added | | -mv.| ™ | ™ 

mhos. 
I. Purified rennin 
0 6.72 2.42 1.33 15.0 1.484 0.299 2.066 
10-* 6.72 2.47 1.31 14.8 1.454 0.303 2.203 
10 6.72 2.47 1.29 14.6 1.324 0.413 3.086 
10-* 6.72 2.47 1.21 13.7 1.291 0.406 3.436 
10+ 6.66 2.56 1.10 12.4 1.264 0.353 3.788 
Undil 6.60 2.87 0.89 10.1 1.263 0.210 3.802 
II. Rennet extract diluted 6 to 10 
10-* 6.73 2.41 1.24 14.1 1.319 0.402 3.135 
10°* 6.72 2.47 1.14* 12.9* | 1.337 0.310 2.967 
10-7 6.72 2.47 1.23 14.0 1.313 0.393 3.195 
107+ 6.69 2.52 1.17 13.3 1.281 0.388 3.559 
Undil. 6.65 2.65 0.97 11.0 1.268 0.265 3.731 
III. Pepsin 0.6% solution 

10-* 6.70 2.41 1.30 14.7 1.460 0.303 2.174 
10° 6.72 2.45 1.32 14.9 1.482 0.292 2.075 
10° 6.72 2.47 1.32 14.9 1.391 0.357 2.558 
107+ 6.70 2.50 1.17 13.3 1.316 0.348 3.165 
Undil. 6.68 2.59 1.15 13.0 1.297 0.341 3.367 


* Result is anomalous, possibly due to a leak at stopcocks of the cataphoresis cell. 


rennet extract was used. However, the same graph fits both sets of data 
reasonably well. This difference in magnitude of action when measured by 
(-potential, y, and ) methods is to be expected since the purified rennin was 
known to possess four and one-half times the milk clotting activity of the 
rennet extract on a dry solids basis. 

The data for the action of pepsin on calcium caseinate indicate that a 
destabilization of the caseinate micelle is effected but in an entirely different 
manner and to a lesser extent than by rennin. Both the (-potential and y, 
decrease but not to the point of aggregation of the micelles. If relatively 
more pepsin had been used, aggregation would undoubtedly have resulted, 
because it is known that pure crystalline pepsin possesses milk coagulating 
properties. The concentration of pepsin required to reach the zone of aggre- 
gation appears to be much greater than that for rennin. It is concluded 
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that the small amount of pepsin present in the rennet extract employed does 
not influence the results obtained when crude rennet extract is used for a 
study of the action of rennin on calcium caseinate. Crystalline rennin, iso- 
lated by one of us (2) after this work was undertaken, would be expected 
to differ from the highly purified rennin only in the magnitude of its effect. 


The (-Potential of Rennin at Different pH Levels 


It has recently been shown (2) that the isoelectric zone for crystalline 
rennin is pH 4.45 to 4.65 and that the colloidal protein particles possess a 
negative charge on the alkaline side of the isoelectric point. However, it 
was considered possible that the magnitude of this charge could be con- 
siderably less than that on the caseinate ; thus the mixture of two colloids of 
different intensity of electric charge would tend to seek equilibrium at some 
charge intermediate between the two. It was therefore deemed necessary to 
determine the magnitude of the (-potential of the rennin micelle at different 
levels of pH. 

It was found that the dialyzed rennin could be diluted ten times and still 
possess enough visible particles under the microscope to follow the cata- 
phoretie mobility. The pH value of the diluted dialyzed rennin was 6.0; 
therefore N/10 NaOH was added to adjust the pH levels to 6.5, 7.0 and 7.5. 


The results of this study are shown in table 5. 


TABLE 5 
The & potential of rennin at different pH levels 
p/sec. 

pH volt/em. 

em. x 10-4 — mv. 
6.0 0.93 10.5 
6.5 1.32 14.9 
7.0 1.76 19.9 
7.5 1.95 22.1 


The — 14.9 mv. (-potential of rennin at pH 6.5 corresponds very closely to 
that of a calcium caseinate sol at this pH. The latter sols in the studies 
already described, showed a (-potential range of —13 to —16 mv. between 
pH 6.5 and 6.7. There is a progressive increase in the cataphoretic mobility 
of the rennin from pH 6.0 to 7.5 while Richardson and Palmer (7) reported 
no migration at pH 6.9 to 7.0. As stated previously these workers were 
undoubtedly observing some less active fraction of the original rennet ex- 
tract which was characterized by a coffee-brown color and an isoelectric 
point at pH 7.0. 


DISCUSSION 
The results obtained in this work show that the effect of rennin on 
caseinate systems is a partial destruction of both factors contributing to the 
stability, namely the (-potential and hydration. The phenomenon is not 
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simply a decrease in the electrokinetic charge as the results of Richardson 
and Palmer (7) indicate, nor is it purely a dehydration phenomenon as 
Séhngen, Wieringa and Pasveer (9) have postulated. 

It was possible to differentiate these effects by discovering that the 
Krasny-Ergen (5) modification of the Smoluchowski (8) equation for elec- 
troviscous effect was applicable to experimental data on both calcium and 
sodium caseinate systems. Then by applying the equation to rennin treated 
systems, considerable information was obtained with regard to rennin action. 

The data for the effect of rennin on various caseinate systems show that 
with low concentrations of rennin there is a large decrease in relative vis- 
cosity with very little change in the electrokinetic potential. This effect is 
interpreted as due chiefly to a true dehydration. As the concentration of 
rennin is increased the relative viscosity and (-potential are decreased to a 
critical zone of instability where several of the partially dehydrated parti- 
cles clump together forming a new particle larger than the original hy- 
drated micelle. These newly formed aggregates are still hydrated and 
possess sufficient charge to remain in suspension, as no visible settling out 
occurs. 

The sensitivity of various caseinate systems toward rennin coagulation 
and the extent of rennin action were found to be dependent in a large 
measure upon the original hydration and (-potential. On the basis of sta- 
bility the systems studied would be classified as follows: sodium caseinate > 
calcium caseinate > dialyzed calcium caseinate—calecium phosphate ‘‘milks’’ 
> dialyzed skim milk. 

The decrease in pH at the higher rennin concentrations is due, of course, 
to a release of hydrogen ions. Calculation shows that this is not sufficient 
to account for the increased conductivity. Evidently other ions are also 
released but their nature is not disclosed in the experiments. The decrease 
in pH of rennin treated caseinate systems is only slight even when concen- 
trated rennin is employed. 

Attempts were made to study the effect of both CaCl, and rennin at low 
concentrations in the same calcium caseinate sol. Instability as evidenced 
by precipitates and clots in many cases confused the interpretation of the 
results. However, it appears that CaCl, destabilizes the caseinate system 
merely by decreasing the (-potential whereas the destabilizing effect of 
rennin is primarily one of dehydration with a Secondary decrease in (-poten- 
tial. When either destabilizing agent is present in sufficiently high concen- 
tration only a trace of the second agent is required to cause precipitation or 
partial clotting. This unstable zone for a 2.5 per cent calcium caseinate 
system at 30° C. has a (-potential in the neighborhood of — 10 mv., a relative 
viscosity of 1.20 and a pH of 6.6. 

The (-potentials of rennin and calcium caseinate systems were found to 
be of the same sign and order of magnitude at the pH of milk. These results 
do not support the theory of Richardson and Palmer (7) that positively 
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charged rennin acts on negatively charged caseinate micelles at or near a pH 
of 6.6. There is a decrease in (-potential when rennin acts on the caseinate 
sol but the phenomenon appears to be secondary to the dehydration effect 
and certainly cannot be explained as an interaction of oppositely charged 
colloids. 

This entire work has been concerned only with the primary action of 
rennin, and has not considered the second stage of the phenomenon, namely, 
the clotting. However, the application of the findings that the action of 
rennin is of a physical nature in destabilizing the caseinate micelles is 
entirely in accord with present knowledge of the second stage. This may be 
pictured as a coacervation or gelation of the calcium caseinate or calcium 
caseinate—calcium phosphate micelles, provided there are enough micelles 
present. In this connection it should be mentioned that during these studies 
firm gels were repeatedly demonstrated, even in the absence of rennin, when 
artificial milks were warmed to 40° C. and small increments of CaCl, added. 
It appears from this result that the effects of rennin are only physical in 
nature, since it is possible to duplicate the conditions for gel formation with- 
out rennin action. However, further experiments are necessary to deter- 
mine the cause of the chemical differences between casein and paracasein 
described so extensively in the literature. 

It is unfortunate that the electroviscosity equation does not permit an 
absolute evaluation of the radius and number of particles. Publication of 
the present work has been delayed in search of the proper equation, derived 
either theoretically or experimentally using model systems. The application 
of the correct equation, when forthcoming, to the data presented herein 
should further elucidate the mechanism of rennin action. 


SUMMARY AND CONCLUSIONS 


Data are presented for electrokinetic potential (C), specific conductivity 
(A), relative viscosity (z*), and pH measurements on various caseinate sys- 


tems treated with salts, rennin and pepsin. Calculations from the data are 
shown graphically to aid in evaluating effects on hydration and electro- 
viscosity. 

The addition of increments of rennin to calcium and sodium caseinate 
systems at pH 6.6 reduces the relative viscosity, (-potential and pH and 
inereases the specific conductivity at varying rates and to varying degrees. 

The primary effect of rennin on calcium caseinate systems appears to be 
a true dehydration with a secondary decrease in (-potential, both effects con- 
tributing to the decreased stability of the system. The effect of rennin on 
sodium caseinate is principally one of dehydration. 

The course of action is the same for a single high concentration of rennin 
measured at succeeding time intervals as for a series of increasing levels of 
rennin measured when equilibrium is reached. 
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Rennin follows the same course of action on dialyzed calcium caseinate— 
calcium phosphate milks as it does on calcium caseinate sols even though the 
initial state of the former is apparently not as highly hydrated as that of 
the latter. 

Dialyzed skim milk is an unsuitable substrate for the study of rennin 
action by the methods employed. 

The order of destabilizing effect on a calcium caseinate sol is: Purified 
rennin > rennet extract > pepsin. The manner of destabilization by pep- 
sin is somewhat different from that of rennin. The amount of pepsin in 
commercial rennet extract is unsufficient to influence the results obtained in 
a cataphoresis or viscosity study of this kind. 

Rennin exhibits a progressive increase in negative (-potential from pH 
6.0 to pH 7.5, the zone studied. Both rennin and calcium caseinate systems 
show the same sign and approximately the same magnitude of (-potential 
at pH 6.5. 
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THE EFFECT OF DILUTION RATE ON THE LIVABILITY AND 
THE FERTILITY OF BULL SPERMATOZOA USED 
FOR ARTIFICIAL INSEMINATION 


G. W. SALISBURY, G. H. BECK, P. T. CUPPS anp IRVINE ELLIOTT 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


Perhaps the most important advantage of artificial insemination over 
natural service in the breeding of dairy cattle lies in the increased use which 
may be made of superior sires by splitting of a single ejaculation of semen 
and the subsequent breeding of more than one cow. The number of females 
which may be bred by such means is dependent, among other things, on the 
volume of semen produced by the bull, the quality of the individual semen 
sample, the site of deposition of the semen in the female reproductive tract, 
the volume of material inseminated, whether or not the semen is diluted, and 
the rate of dilution employed. 

Notable advances in increasing the efficiency of artificial insemination 
have been made during recent years through improvement in semen handling 
and storage techniques and through the use of improved diluents. Little 
attention has been paid to increasing the efficiency of the practice by deter- 
mining the minimum amounts of semen required to produce pregnancies. 
This problem can be approached either by inseminating females with vary- 
ing amounts of semen alone, by inseminating with varying amounts of semen 
diluted at a standard rate, or by inseminating females with a standard 
amount of material which may contain different amounts of semen. How- 
ever, there is no certainty that deposition of a certain minimum number of 
spermatozoa by each of these methods would give the same results. 

In routine field insemination it is essential that semen be diluted in order 
to increase the number of females which may be bred, and to insure maxi- 
mum fertility (12). In this work it is more desirable to establish the 
standard dosage of diluted semen and to vary the spermatozoa dosage by 
means of changing the dilution rate. This is especially true where the tech- 
nique of insemination used involves the fixing of the cervix per rectum and 
deposition of the semen directly into the uterus, as is done in the artificial 
breeding units of New York. Too large volumes of inseminated material 
may stimulate reflex contractions of the reproductive tract and lead to 
extrusion of the inseminated material. 

Some work has been done on the problem of determining the minimum 
amount of semen required for successful insemination of cattle. Kozlova 
(5) found that 0.2 ec. of undiluted semen placed in the cervix was as effec- 
tive in producing pregnancies as 4.0 ce, placed in the vagina. His data with 
a limited number of cows shows that when deposited in the cervix a 0.2 ee. 
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dose was more effective than one of 2.0 ee. This finding supports the atti- 
tude that the volume of materia! inseminated should not be too large. From 
routine field results here it is believed that 1.0 ce. is not too large a volume 
for deposition directly in the uterus. However, there is some evidence at 
hand to show that smaller volumes may be used with success. 

With respect to the influence of dilution rate on efficiency of conception, 
Anderson (1) in a study of two herds showed no significant difference 
between conception rate obtained from undiluted semen, and semen diluted 
up to a maximum of x4. In another herd, differences did occur, but, as he 
pointed out, the results for dilution rate were confounded with season, bulls, 
and other uncontrolled factors. With sheep both Kuznecov (6) and Ander- 
son (2) found that fertility was markedly decreased by x16 dilution as 
compared to dilutions at lower rates. PanySeva (7) was able to dilute ram 
semen x 16 with success, but increasing the dilution rate to x 32 lowered the 
fertility. 

While these results are undoubtedly of value as a guide for further work, 
it is questionable if they may be applied without reservation to present arti- 
ficial breeding work for there has been considerable improvement in the 
effectiveness of diluents since the above-mentioned experiments were con- 
ducted. 

It is the purpose of this paper to present the results of an extensive 
investigation designed to determine the effects of different rates of dilution 
of bull semen with yolk-citrate (9) upon its livability during storage and 
its fertility when used for insemination in field work after certain intervals 
of storage. 


EXPERIMENTAL 


Livability during storage. The first investigation was a laboratory study 
of the effects of dilution on livability. The semen was collected, handled 
before storage, and stored at 5° C. following the controlled-temperature 
techniques established in previous investigations (12). The semen was 
cooled to the storage temperature in steps of a 5° C. drop each 10 minutes. 
In the first study each ejaculate of semen was diluted with the yolk-citrate 
diluent at the rates of 1 part of semen to 1, 2, 4, 8, and 16 parts of the 
diluent. 

The results of the motility observations are given in table 1. Each figure 
is a mean of four ejaculates. In order to prevent the varying number of 
spermatozoa in each microscope field from influencing the estimates of 
motility after storage, each sample was further diluted with a clear diluent 
possessing no appreciable buffer capacity (12) before motility estimates 
were made. By varying the amount of clear diluent added it was possible 
to keep the number of spermatozoa examined in each microscope field at a 
relatively constant level regardless of dilution rate. 


ARTIFICIAL INSEMINATION 1059 


Analysis of variance of the motility observations after transposition to 
equivalent angles by the method of Bliss (11), shows that there are signifi- 
cant differences (P = < 0.01) for the motility means between storage inter- 
vals, between semen ejaculates, and between treatments, and a significant 
ejaculate x treatment interaction. Apparently the livability of spermatozoa 
in storage decreases with each increase in dilution rate. The data for pH 
also are shown in table 1. They show a significant (P = < 0.05) change with 
dilution rate and for storage interval, and also show a significant interaction 
between ejaculates and dilution rate. 


TABLE 1 


Effect of dilution rate on livability of spermatozoa and on pH changes of diluted 
semen during storage (1st experiment) 


Motility and pH means (4 ejaculates) 
Ratio of 
semen to After sto of 
diluter — — 
ag 2days | 4days | Gdays | Sdays | 10 days 
1:1 Mot. % 78 55 39 34 20 28 
H 6.61 6.46 6.31 6.29 6.26 6.25 
1:2 Mot. % 78 48 34 34 22 14 
H 6.60 6.50 6.39 6.32 6.32 6.32 
1:4 Mot. % 78 42 31 24 1l 6 
Pp 6.62 6.53 6.42 6.36 6.43 6.39 
1:8 Mot. % 78 42 29 22 10 
pH 6.64 6.57 6.50 6.48 6.47 6.44 
1: 16 Mot. % 78 45 29 19 8 9 
pH 6.66 6.58 6.56 6.49 6.56 6.50 


This study on a limited number of ejaculations of semen indicated that 
the ejaculates responded differently to the several dilution rates. Accord- 
ingly a more extensive factorially designed experiment involving ten sepa- 
rate ejaculates and two hundred and fifty separate determinations of motility 
and pH was undertaken. It was conducted by a different investigator than 
the one who made the first study. Each semen sample was diluted at the 
rates of 1 part of semen to 2, 4, 8, 16, and 32 parts of the yolk-citrate diluent. 
For motility estimates the same precautions were taken as mentioned above. 
The mean data for each dilution rate and each storage interval are shown 
in table 2. Though the semen was of somewhat better quality, and a wider 
dilution rate was used, the results are in complete agreement with the 
previous study. 

Significant differences for motility means between ejaculates, between 
storage intervals, and between dilution rates were shown, as well as sig- 
nificant ejaculate x treatment and storage interval x treatment interactions. 
Similar significant differences and significant interactions for the pH means 
were shown also. The ability of spermatozoa to maintain their motility 
during storage is reduced with each increase in dilution rate. This fact has 
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been well established by this investigation, but the reason for the decrease 
in livability is not apparent. Whether or not it is due to a lack of substrates, 
a lack of accessory factors, an incompatibility between the diluent and 
semen, or to other factors is not known. 

It is apparent, also, that the different ejaculates tend to respond differ- 
ently to the several dilution rates in their livability during storage. The 
apparent reason for this effect lies in the difference in concentration between 
the several ejaculates and the correlated variations in other items of semen 
quality. In this investigation there was a correlation between the number 
of spermatozoa in the 10 ejaculates and the over-all ability of the spermato- 
zoa to live during storage of + 0.3592. This correlation coefficient is not sta- 
tistically significant. On the other hand, when the calculated number of 


TABLE 2 


Effect of dilution rate on livability of spermatozoa and on pH changes of diluted 
semen during storage (2nd experiment) 


Motility and pH means (10 ejaculates) 
Ratio of 
Before After storage of 
storage 2 days 4 days 6 days 8 days 10 days 
1:2 Mot. % 76 57 48 38 35 24 
pH 6.58 6.42 6.35 6.33 6.28 6.29 
1:4 Mot. % 76 54 47 37 35 29 
pH 6.63 6.50 6.44 6.41 6.35 6.34 
1:8 Mot. % 76 49 43 35 32 22 
Pp 6.63 6.59 6.54 6.49 6.46 6.44 
1: 16 Mot. % 76 50 41 33 26 14 
pH 6.64 6.64 6.60 6.57 6.54 6.56 
1: 32 Mot. % 76 47 37 24 21 10 
pH 6.65 6.65 6.62 6.63 6.60 6.59 


spermatozoa for each sample stored at each of the several dilution rates was 
correlated with their ability to withstand storage the correlation was + 0.4520 
and highly significant. 

Field studies of fertility. The storage studies indicated that for com- 
parable results the semen samples of the highest concentration probably 
could be diluted to a much greater extent than the less-concentrated samples. 
To test this hypothesis an investigation was undertaken in cooperation with 
the New York Artificial Breeders’ Cooperative. This organization is now 
(April 15, 1943) composed of 28 local artificial breeding units scattered 
widely over New York State. The semen used for insemination is produced 
by a group of about thirty bulls housed near Syracuse and shipped from that 
point to the member-units. The semen used in this experiment was pro- 
duced by these bulls. 

Following collection with the artificial vagina (10) an estimate of the 
concentration of spermatozoa in each ejaculate was made by standard 
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hemocytometer techniques, and the semen was observed for initial motility. 
The semen was then diluted at a predetermined rate according to the sperma- 
tozoa count and percentage motility. In general, ejaculates containing as 
few as 600,000 spermatozoa per mm.* were diluted in the ratio of 1 part of 
semen to 2 parts of diluter, while semen containing 1,800,000 to 2,000,000 
spermatozoa per mm. was diluted at the rate of 1 part of semen to 12 or 
more parts of the diluter. Semen containing less than 600,000 spermatozoa 
per mm.* or fresh semen containing spermatozoa less than 60 per cent of 
which were motile was seldom used. The diluted semen was shipped to all 
sections of New York where it was used for breeding. One ml. of diluted 
semen was used for insemination. In most cases the material was placed 
well within the uterus at insemination. 

Six and seven-tenths per cent of all inseminations were made on the day 
of collection, 44.6 per cent on the second day, 33.6 per cent on the third day, 
10.6 per cent on the fourth day, and the remainder of the inseminations was 


TABLE 3 


Comparison of dilution rates when semen was diluted at rates dependent upon the concen- 
tration and the motility of the spermatozoa it contained 


Ratio of 17 Holstein bulls 11 Guernsey bulls All bulls 
—- Ser- | Concep- % Ser- | Concep- % Ser- | Concep- 
vices tions | fertile | vices tions | fertile | vices | tions | fertile 
1:2 27 16 27 16 59.3 
1:3 161 81 50.3 102 32 31.4 263 113 43.0 
1:4 324 161 49.7 146 84 57.5 470 245 52.1 
1:5 571 282 49.4 361 224 62.0 932 506 54.3 
1:6 474 232 48.9 276 154 55.8 750 386 51.5 
i: 7% 336 180 53.6 162 100 61.7 498 280 56.2 
1:8 294 151 51.4 226 139 61.5 520 290 55.8 
1:9 92 56 60.9 53 30 56.6 145 86 59.3 
1:10 188 92 48.9 59 37 62.7 247 129 52.2 
1:12 66 40 66 40 60.6 
1:14 22 12 ee ee 22 12 54.5 
Total 2555 1303 51.0 | 1385 800 57.8 | 3940 2103 53.4 


made with semen stored 5 to 8 days. On the average, there were 19.3 first 
or second services for each semen sample used. The results are shown in 
table 3. The data are presented in the form of the total number of cows 
which were inseminated with semen diluted at each rate, and the number of 
cows which, during a period of at least 5 months following insemination, 
had not returned to service. 

In the artificial breeding units cooperating in this study an agreement is 
made with the members that a cow which fails to conceive will be bred arti- 
ficially only three times for the service fee charged. An additional charge 
is made for breeding one cow more than three times. Thus, cows which have 
been bred three times and which have failed to conceive may or may not be 
reported as being in calf or again coming in heat following third service. 
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Therefore, in this investigation services were counted only for those cows 
which were being bred for the first time, or for those which had failed to 
conceive on the first service and were being bred for the second time. Con- 
sideration was given to those cows which were bred for the third time only 
to determine which cows failed to conceive to the second service. 

It is recognized that this method of recording fertility may overlook 
certain cows which actually fail to conceive on either first or second service 
and are either sold from the herds or otherwise disposed of before they are 
again bred and thus recorded as not pregnant from the previous insemina- 
tion. However, though some slight error may be introduced into the records 
from this source there seems to be no reason to believe that such cases are 
not randomly distributed over the experimental treatments. In addition, 
the method of recording all returns to service during at least 5 months after 
breeding and considering such returns to be a result of the failure of the 
semen alone introduces some bias in the opposing direction, for some of the 
late occurrences of return to heat must certainly be a fault of the cow and 
not necessarily a fault of the semen used. The method of using all cows 
bred on first and second inseminations, regardless of whether or not they 
ever conceive, tends to reduce the conception rate figured to a somewhat 
lower level than where services per conception are calculated only for those 
cows which conceive, and where all cows failing to finally conceive are 
ignored. 

The data presented in table 3 show that semen may be diluted at a rate 
based on the concentration and motility of spermatozoa with no significant 
trends in fertility for increasing dilution rates when used for artificial in- 
semination. However, as should be recognized, the effects of dilution rate 
were sometimes confounded with bulls in this investigation for certain bulls 
tended to produce semen which, on the average, was different in the charac- 
teristics measured from the semen of other bulls. To obviate this disad- 
vantage and to study further the effects of dilution rate on the fertility of 
semen, a more complex procedure was used in the next experiment. 

The Latin square experiment. In this study it was desired to prevent 
all arbitrary selection of semen samples used for any particular dilution 
rate, and to determine the effect of the rate of dilution on the fertility of 
average semen samples produced by the bulls available. As trends in fer- 
tility of bulls during periods of time are sometimes observed in such work, 
this factor also should be eliminated as an influence in the experiment. The 
Latin square design (see Fisher (4)) appeared to offer the best set-up for 
the control of these factors. Four 6 x 6 Latin squares were employed. Each 
square was composed of 6 bulls, each with 6 dilution rates of 1 part of semen 
to 4, 6, 8, 10, 12, or 16 parts of the yolk-citrate diluent. Semen samples were 
collected from each bull approximately one week apart and for each of the 
six bulls one sample was taken during a particular week, this interval of 
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time was called the collection period. For each collection period all dilution 
rates were used, though each sample from a bull was diluted at only one rate. 
For the six collection periods the semen from each bull was diluted at each 
rate and for any one collection period all dilution rates were used. Thus, 
there were 36 ejaculates in each of the 4 Latin squares or a total of 144, with 
24 used at each dilution rate. Treatments were assigned at random in each 
square by selection of numbered cards from a shuffled deck and the use of 
appropriate controls called for by the design. 

The first two Latin squares made up what was called experiment 1 and 
were composed of two different groups of 6 bulls each, these being known as 
bull blocks A and B. The two groups were used in the experiment concur- 
rently. The second experiment was a replicate of the first and the first col- 
lection of the second experiment followed within one week after the last 
colletion of the first experiment was completed. The order of treatments was 
established at random in the replicate squares in order to distribute at 
random the possible effects of time trends in fertility of bulls. 

Semen was collected and handled as previously described, save that esti- 
mates of spermatozoa count were made by means of the simple comparator 
recently developed here (8). In experiment 2 the methylene-blue-reduction 
test for quality of semen (3) also was used. All semen collected was used 
regardless of its apparent quality except for several first ejaculates in which 


the spermatozoa were completely non-motile. When this was the case, a 


second ejaculate was taken from that particular bull within a few minutes 
after the first, and this second ejaculate was used in the experiment. The 
lowest count observed was 566,000 spermatozoa per mm.* The diluted semen 
was shipped to the twenty or more member units of the State cooperative. 
Consequently, inseminations were made by twenty or more individuals. An 
examination of the basic data of the investigation shows that the effects of 
the inseminator were randomly distributed over the several bulls, treatments 
and collection periods. The diluted semen was generally deposited deep in 
the uterus, often in one or the other horn, and 1.0 ml. of diluted semen was 
used for insemination. 

In table 4 is shown the mean data concerning the semen produced by the 
bulls used in this investigation. An analysis of variance of these data 
showed, as would be expected, significant differences between bulls in sperma- 
tozoa count, per cent of motile spermatozoa, and, in the case of experiment 2, 
methylene-blue-reduction time. However, no significant differences were 
found in these semen characteristics between means for collection periods or 
for dilution treatments. Thus, there were no significant differences in the 
semen used at the several dilution rates. 

The results of the field inseminations are shown in table 5. These data 
were obtained in the same way as were the fertility data for the previous 
experiment. No trends were shown in the fertility of semen diluted at the 
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several rates. In fact, the highest.fertility was found for the semen diluted 
at the rate of 1 part of semen to 16 parts of diluter. Insemination of 1 ml. 
of semen diluted at that rate is equivalent to 0.059 ml. of semen alone, con- 
taining on the average 74 millions of spermatozoa. The lowest conception 
rate was obtained frem the semen diluted in the ratio of 1 part to 12 parts 


TABLE 4 
Mean data concerning the semen used in the Latin square experiments 
Ratio of semen to diluter 
1:4 | 1:6 | 1:8 | 1: 10 | 1:12 | 1:16 
Experiment | Block 
Actual volume semen per ml. 
20 | a4 | a1 | 091 | .077 |.059 
Count /mm.* 1,229 | 1,161 | 1,387 | 1,238 | 1,248 | 1,229 
(thousands) 
A 
74 | v2 | 711 | 74 | «+78 | 69 
1 
penn 1,121 | 1,081 | 1,337 | 1,081 | 1,112 | 1,151 
B 
“= 72 | 78 | 7 | 75 | 69 | 72 
Count/mm.* 
(thomende) 1,356 | 1,387 | 1,513 | 1,415 | 1,316 | 1,396 
7; | se | 76 | so | | 73 
Methylene blue 
reduction test 45| 45] 38] 45] 46] 44 
(minutes) 
Co 
unt/mm.* 
ymin 1,238 | 1,220 | 1,307 | 1,180 | 1,316 | 1,238 
7 | 7 | 78 | 79 | 74 | 
Methylene blue 
reduction test 4.6 5.3 5.0 5.1 5.0 5.5 
(minutes) 
Casement) 1,236 | 1,212 | 1,386 | 1,228 | 1,248 | 1,254 
Mean of all a 
| | 76 | 7 | 77 | 73 


of diluter. To determine whether or not the differences observed were sta- 
tistically significant an analysis of variance of the entire experiment was 
undertaken. 

First of all, it was necessary to establish adequate methods for studying 
the results obtained from the single ejaculates. The lowest number of in- 
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seminations per ejaculate was one, while the highest number was seventy. 
It is obvious that the real potential of the latter ejaculate to impregnate cows 
was more adequately established than was the case of the semen sample with 
which only one cow was bred. The most logical expression of the results 
would appear to be the percentage of the inseminations which resulted in 
pregnancies, the determination of pregnancies being made as indicated 
earlier. However, use of simple percentages gives equal weight to the results 
for each ejaculate regardless of the number of inseminations. It would 
appear that some weighting of the results for each semen ejaculate was 
necessary. On consultation with Dr. W. G. Cochran, Iowa State College, 
who found in another series of similar data from this laboratory that ap- 
proximately 80 per cent of the within-bull variance was binomial and varied 
with the number of inseminations, it was decided to weight the percentage 
results for each ejaculate by the number of inseminations for that ejaculate.* 

An analysis of variance of the weighted data showed no statistically 
significant differences between the means of dilution treatments, though 
significant differences were found between the means for bull blocks, and for 
individual bulls within the blocks. Three and nine-tenths per cent of the 
inseminations were made with semen used on the day of collection, 51.5 per 
cent on the second day, 32.7 per cent on the third day, 8.9 per cent on the 
fourth day, and the remainder of the inseminations was made on the fifth to 
eighth days following collection. Almost 100 per cent of the ejaculates at 
each dilution rate were used during the second and third days after collec- 
tion. Following the third day the proportion of the samples which were 
used at each dilution rate decreased markedly, only those samples which sur- 
vived storage with the greatest motility being used. No differences between 
dilution rates in this connection were observed. In fact, the 1:4 dilution 
rate was used for the shortest time following collection, 6 days. This might 
be considered as strange, in view of the fact that the semen diluted at the 
lower rates in the laboratory studies maintained greater livability on storage, 
if one did not recognize that less diluted semen was available for use at the 
lowest dilution rate and none may have been available for insemination after 
6 days. 

As no differences were found between dilution rates in the analysis, 
table 6 gives the grouped data for the entire Latin square experiment accord- 
ing to the day in which inseminations were made. As can be seen, there 
was no important deviation in fertility up to the fifth day. 


DISCUSSION OF RESULTS 


Because of the possibility that use of the higher dilution rates might lead 
to a real reduction in fertility in the Latin square experiment the most fertile 
bulls available were not all used in this study. The mean percentage fer- 

1 The authors are indebted to Dr. Cochran for his help with this problem. 
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tility for the bulls varied from 38.3 to 63.1, while the mean fertility of all 
semen samples used in the entire experiment was 52.0. Consequently, the 
mean fertility percentages for each dilution rate are primarily a reflection 
of the mean ability of the bulls used rather than an indication of what may 
be expected from the semen of other bulls used at the same dilutions. 
Though there was considerable variability between dilution rates within 
bull blocks, there was no evidence to indicate that any trends were to be 
found in the results, which, because of the wide inherent differences between 
bulls, were impossible to demonstrate as significant. In fact, though the 
experimental data were obtained under conditions not entirely similar to 
those found in the artificial breeding units in this country, it is believed that 
the results are generally applicable. The conditions under which this study 
was carried out may be more rigorous than generally prevail, for all semen 
samples were shipped by parcel post before being used for insemination. 


TABLE 6 


Fertility of the semen used in the Latin square experiments grouped according 
to the interval stored before use 


Day in which insemination took place 
| 
i. | 3 4 5 | 6 | 7 | 8 
Services 106 | 1401 | 890 | 245 54 21 | 4 2 
Conceptions ............. 53 751 450 124 24 10 3 0 
% conceptions .... 50.0 53.6 50.6 50.6 44.4 47.6 | 75.0 0.0 
% Total services | 
each day ............. 3.9 51.4 | 32.7 9.0 2.0 0.8 | 0.01 


In some eases the diluted semen was in transit as much as 24 hours before it 
arrived at its destination. In addition, practically all ejaculates were used 
for three days after collection, and some were used for a considerably longer 
period. 

On the average 18.9 cows were bred with each ejaculate used in the Latin 
square experiment. As can be seen in table 5 the number of cows insemi- 
nated with semen diluted at the ratio of 1: 16 was slightly more than double 
the number inseminated with semen diluted at the ratio of 1:4. Theoreti- 
cally semen would be available to breed over three times as many cows. The 
actual volume of semen used varied from 0.2 ml. at the lowest rate of dilu- 
tion down to 0.059 ml. for the highest rate. The average number of sper- 
matozoa per insemination varied from about 247 millions down to about 74 
millions. 

This investigation was carried out during March, April, and May, when 
the number of cows available for service was limited. During periods of the 
peak in breeding, the late fall and winter months, many more cows could 
have been bred, especially with semen diluted at the higher rates. These 
facts indicate that bull semen of good quality may be diluted at higher rates 
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than generally used without decreasing its effectiveness, providing insemi- 
nation is properly carried out, and that many more cows may be bred with 
each satisfactory ejaculate than is now being done. During peak seasons 
of breeding the use of increased rates of dilution should enable artificial 
breeding units not only to breed more cows with the semen of each bull, but, 
also, to collect semen from each bull less frequently than would otherwise be 
necessary, and, thus, keep outstanding proved sires in service for a maximum 
period of time. 
SUMMARY 


Bull spermatozoa diluted with yolk-citrate diluent showed a decreased 
ability to maintain their motility during storage at 5° C. with each increase 
in rate of dilution. Dilution rates of from 1 part of semen to 1 part of 
diluter, up to 1 part of semen to 32 parts of diluter were used. Semen 
possessing higher numbers of spermatozoa, a large percentage of which were 
actively motile on initial examination, survived storage at the higher dilu- 
tions better than did semen of lower spermatozoa count and lower initial 
motility. 

In field studies, when the semen was diluted at a predetermined rate 
based on the spermatozoa count and the percentage of motile spermatozoa in 
each semen sample, no differences were found in fertility between semen 
diluted at the rates of 1 part of semen to 2 parts of diluter up to 1 part of 
semen to 14 parts of diluter. Over 3900 inseminations were involved. In an 
investigation designed to eliminate arbitrary selection of the rate of dilution 
to be used for any satisfactory semen sample, no difference was found in 
fertility for semen diluted at the rates of 1 part of semen to 4, 6, 8, 10, 12, 
or 16 parts of diluter. Semen at all dilution rates was used for as long as 
6 to 8 days after collection. No observable differences were noted in the 
maintenance of fertility for the several dilution rates during the first 4 days 
of storage. For diluted semen used longer than this period, the number of 
inseminations was too few on which to base conclusions. 
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ANNOUNCEMENT 
August 26, 1943 


OFFICERS AND MEMBERS OF THE AMERICAN Dairy SCIENCE ASSOCIATION : 


Members of the Ohio State University staff are delighted that the Amer- 
ican Dairy Science Association has accepted an invitation to hold its annual 
meeting on our campus next June 20, 21, and 22. 

We recall with pleasure your previous meeting at Ohio State in 1938. 
Your presence at that time was stimulating to our faculty and it is our hope 
that your visit was equally helpful to the association. 

Ohio State University and all of its personnel pledge their very best 
efforts to make your 1944 meeting all that you want it to be, and more. We 
recognize the vital role the dairy scientist plays in these times of war, and 
also the great responsibility he faces in the years of reconstruction. 

It is our hope that the June meetings at Ohio State will make an impor- 
tant contribution in helping to solve your war and post-war problems. 


Sincerely yours, 


Howarp L. Bevis, President 


1070 


Votume XXVI NovEMBER, 1943 NumMBeEr 1] 


JOURNAL OF DAIRY SCIENCE 


Published by the 
AMERICAN DAIRY SCIENCE ASSOCIATION 


R. B. Stourz, Sec.-Treas. 
Ohio State University, Columbus, Ohio 


ABSTRACTS OF LITERATURE 


T. S. Surron, Editor 
Columbus, Ohio 


MILK AND MILK PRODUCTS 


Published in cooperation with 
INTERNATIONAL ASSOCIATION OF ICE CREAM 
MANUFACTURERS 
R. C. Hissen, 1105 Barr Bldg., Washington, D. C., Exec. Sec. 


INTERNATIONAL ASSOCIATION OF MILK DEALERS 
R. E. Lrrriz, 309 W. Jackson Blvd., Chicago, Illinois, Exec. Sec. 


Editorial Committee 
H. H. Sommer, Madison, G. D. Turnsow, Oakland, 
Wisconsin, A. D. 8. A. California, I. A. I. C. M. 
Pratt, Philadelphia, W. D. Dorrerrer, Chicago, 
Pennsylvania, I. A. I. C. M. Illinois, I, A. M. D. 


A. J. Powers, Brook! 
New York, I. A. M. D. 


CONTENTS 
Bacteriology Concentrated and dry Herd management 
Breeding milk; by-products Ice cream 
Butter Diseases Milk 
Cheese Feeds and feeding Miscellaneous 
Chemistry Food value of datry Physiology 
products 


Tue Science Press PRINTING COMPANY LANCASTER, Pa 


: 
r- 
al 

8. 
pe 
st 
ve 
1d 


PUBLICATIONS AND ABSTRACTORS 


EDITORS 


Dahle, C. D., Dahlberg, A. C., Elliker, P. R., Petersen, W. E., 
Tracy, P. H. and Weckel, K. G. 


ABSTRACTORS 
Archibald, J. G. Dorsey, L. M. Huffman, C. F. Reece, Ral 
nnett, 
Bushnell, L. D. Espe, D. L. ace PS Waugh, R. K. 
can. A. 0. Frazier, W. C. Webs, 
Cole, W. C. Puller, 'S. A. Margsests, J, C. 
few White, G. C. 
Coulter, 8. T. Glick, D. P. Price, W. V. - 
Doan, F. J. Goss, E. F. Pyenson. Harry Yale, M. W 
JOURNALS 


American Butter Review 

American Milk Review 

American Journal of Diseases of Children 

American Journal of Physiol 

American Journal of Public Health 

Archives of Pediatrics 

Australian Journal of the Council for Scien- 
tific and Industrial Research 


Biochemical Journal 


Canadian Dairy and I $—- Journal 
Canadian Health Jou 
Certified Milk 


Cornell Veterinarian 


Dairy Industries 
Dairy World 


Endocrinology 


Food Industries 
Food Manufacture 
Food Research 


Ice and Refrigeration 
Ice Cream Field 

Ice Cream Review 

Ice Cream Trade Journal 


Industrial and Engineering Chemistry 


Journal of Agricultural Research 

Journal of Agricultural Science 

Journal of American Medical Association 

—— of American Veterinary Medical . Asso- 
ciation 

Journal of Animal Science 

Journal of Bacteriology 


Journal of Biological Chemistry 
Journal of Dairy Research 

Journal of Dairy Science 

Journal of Endocrinology 

Journal of Experimental Medicine 

Journal of General Physiology 

Journal of Genetics 

Journal of Heredit 

Journal of Indust and Engineering Chem- 


Journal of Infectious Diseases 

Journal of Milk Technology 

Journal of Nutrition 

Journal of pothehesy and Bacteriology 
Journal of Physical Chemistry 
Journal of Physiology 

Journal of Veterinary Research 


Milk Dealer 

Milk 

Milk Plant Monthly 

National Butter and Cheese Journal 

New Zealand Journal of Science and Tech- 

Oil and Soap 


Pacific Dairy Revi 

Proceedin: 5 of Society of Experimental Biol- 
ogy and Medicine 

Refrigerating Engineering 


Scientific Agriculture 
Southern Dairy Products Journal 


SPECIAL PUBLICATIONS 


Federal Dairying and Bacteriological Estab- 
lishment, Liebefeld, Berne, Switzerland 


i Association of Ice Cream Manu- 
acturers 
International Association of Milk Dealers 


National Institute for Research in Dairying, 
ng 

New York Association of Dairy and Milk In- 
spectors 


Prussian Dairy Research Institute, Kiel, Ger- 
many 

State Agricultural Colleges and Experiment 
Stations 

The Reoel Technical College, Copenhagen, 
Denmar 

United States Department of Agriculture 


ABSTRACTS OF LITERATURE 


BACTERIOLOGY 


493. The Streptococci Present in the Feces of Patients with Non-Specific 
Ulcerative Colitis, and the Effect of the Oral Administration of 
Sulfonamide Compounds upon Them. Enp C. RopANIcHE, 
Waurter Lincoun PALMER, AND JoOsEPH B. KirsNer, Univ. of Chi- 
cago. Jour. Infect. Dis., 72, No. 3: 222-227. May-June, 1943. 


Of 216 strains of nonhemolytic streptococci isolated from feces, 29 strains 
from normal persons and 187 from persons with chronic ulcerative colitis or 
other related conditions, 151 were classified as Streptococcus fecalis, 9 as 
Str. liquefaciens, 2 as Str. equinus, 11 as Str. bovis (variant), 20 as Str. 
salivarius, and 23 were unclassified. Oral administration of sulfasuxidine, 
sulfaguanidine, sulfadiazine, or sulfathiazole to the patients resulted in 
changing the flora in the intestines from one of predominantly Gram-nega- 
tive coliform bacilli to one of predominantly Gram-positive cocci, usually 
streptococci. The administration of the sulfonamides did not cause any 
alteration of the types of streptococci present in the feces. J.F.C. 


494. Notes on the Use of Sodium-Lauryl-Sulfate Tryptose Broth for the 
Detection of E. Coli in Milk. Mary A. GarpNer, OrvILLE W. 
GARRETT, AND Paut 8. Prickett, Mead Johnson and Co., Evans- 
ville, Ind. Jour. Bact., 45, No. 4: 413. Apr., 1943. Abs. Proc. 
Local Branches. 


Sodium-laury]-sulfate tryptose broth exhibited undesirable physical char- 
acteristics ; while it appeared to be as sensitive for the detection of FE. coli in 
fluid and dried milk as brilliant-green bile broth the latter produced signifi- 
cantly less false presumptives. D.P.G. 


495. Factors Which Influence the Growth of Heat-Treated Bacteria. 
I. A Comparison of Four Agar Media. F. E. Neuson, Kans. Agr. 
Expt. Sta. Jour. Bact., 45, No. 4: 395-403. 


The apparent survival of heat-treated bacteria can be varied by the use 
of different media ; relative suitability of the different media varies with the 
test organisms. The use of beef-infusion agar resulted in the enumeration 
of viable organisms of most of the heat-treated thermoduric lactic strepto- 
cocci. Bacteria which have been subjected to heat at partially lethal levels 
are more demanding in the requirements of media for growth than are 
unheated organisms. D.P.G. 


496. Application of the Decimal Reduction Time Principle to a Study of 
the Resistance of Coliform Bacteria to Pasteurization. Lmonarp 
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I. Karzin, Univ. Rochester, School of Med. and Dentistry ; Lesiie 
A. SANDHOLZER AND Mary E. Strong, Natl. Inst. of Health. Jour. 
Bact., 45, No. 3: 265-272. March, 1943. 


As an aid in quantitative determinations of bacterial death by heat, the 
authors have proposed the concept of ‘‘decimal reduction time’’ which is 
based upon the application of the monomolecular reaction rate constant to 
bacterial death under uniform conditions. DRT was obtained for 66 strains 
of Escherichia from various sources. The data indicate that very few coli- 
form bacteria ever survive pasteurization; pasteurized milk showing num- 
bers of coliforms has been subjected to post-pasteurization contamination. 
A table presents DRT for a variety of other bacteria in milk calculated from 
data in the literature. The methods of determining the margins of safety 
of a pasteurization process are noted. It is suggested that DRT be included 
as one of the standard criteria for determining the efficacy of pasteuriza- 
tion and similar processes. D.P.G. 


CHEESE 


497. Quality Specifications for Lend-Lease Cheese. H. L. Wison, U. S. 
Dept. Agr., Washington, D.C. Natl. Butter and Cheese Jour., 34, 
No. 8:38. <Aug., 1943. 


Cheese for lend-lease should be of U. S. No. 1 quality. Defects can be 
avoided by milk grading, keeping sanitary factory, and by carefully making, 
paraffining, boxing and storage. W.V.P. 


498. Synthesis of Vitamins by Microorganisms in Relation to Vitamin 
Content of Fancy Cheeses. P. R. BurRKHOLDER, JANE COLLIER, 
AND DorotHy Moyer, Osborn Botanical Lab., Yale Univ., New 
Haven, Conn. Food Res., 8, No.4:3. July—Aug., 1943. 

Studies indicated that common microorganisms comprising the surface 
flora of four kinds of fancy cheeses were capable of synthesizing important 
quantities of B vitamins in synthetic media. Microbiological assays seemed 
to indicate that thiamin, riboflavin, biotin and niacin increased in the sur- 
face layers of Brie, Cammembert, Liederkranz and Limburger cheeses dur- 
ing ripening as a result of synthesis by microorganisms. On the other hand, 
the subsurface layers and the cores of these cheeses, in general became 
depleted in these vitamins as curing progressed up to 39 to 44 days. 

F.J.D. 


CONCENTRATED AND DRY MILK; BY-PRODUCTS 


499. A Colorimetric Method for the Determination of Fat-Peroxides and 
Its Application in the Study of the Keeping Quality of Milk 
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Powders. R: A. CHAPMAN AND W. D. McFaruane, Macdonald 
College, Quebec. Canad. Jour. Res., 21, B,7: 133. 1943. 


A colorimetric method based on the oxidation of ferrous to ferric iron 
and the determination of the latter as ferric thiocyanate has been found 
suitable for the estimation of fat-peroxides in milk powder. To an acetone 
extract of the milk powder is added a solution consisting of 0.1% of ferrous 
ammonium sulphate and 0.4% of ammonium thiocyanate in 96% acetone, 
and the color developed by heating. The intensity of the red color is mea- 
sured with a Coleman spectrophotometer and is found to bear a close relation 
to the keeping quality of the milk powder. Peroxide values determined by 
this method are considerably higher than those obtained by an iodimetric 
procedure. O.R.1. 


DISEASE 


500. A Milk-Borne Epidemic of Brucellosis Caused by the Porcine Type 
of Brucella (Brucella suis) in a Raw Milk Supply. I. H. Borrts, 
State Hygienic Lab., Iowa City, Ia.; D. M. Harris, M. F. Joynrv, 
J. R. JEnntneos, anp C. F. Jorpan. Jour. Amer. Med. Assoc., 121: 
319. Jan., 1943. 


In an epidemic of brucellosis 77 persons were found to show positive 
clinical or agglutination findings caused by Brucella suis. All received raw 
milk from a common dairy. Blood cultures were made from 29 patients 
and Br. suis was isolated from 13, or 45%. Of 43 dairy cows on the farm 
3 were definitely positive reactors, 1 was suspicious. Br. suis was isolated 
from the milk of 2 reactors on direct culture of gravity cream. Guinea pig 
inoculation resulted in the isolation of Br. swis from 3 reactors. Hogs and 
dairy cows mingled freely on the farm. Of 24 sows tested there were 11 
positive and 3 suspicious reactors. There was no evidence of frank swine 
abortion. 

One human patient, an expectant mother with one healthy child, acquired 
brucellosis in moderately severe form, being confirmed by a positive aggluti- 
nation test. This patient aborted twin embryos during the fourth or fifth 
month of gestation; there was no other discernible cause for the abortion. 

All 6 members of one family and, in another home, 6 of a family of 12, 
suffered attacks of brucellosis. D.P.G. 


501. The Occurrence of Food-Poisoning Staphylococci in Pasteurized 
Milk. KatHryn CHALLINOR, M. ScHERAGO, AND R. H. Weaver, 
Univ. of Kentucky. Jour. Bact., 45, No. 6: 577. June, 1943. Abs. 
Proc. Local Branches. 


Twenty samples of pasteurized milk were examined for presence of 
food-poisoning staphylococci. Of 18 isolates tested three were found to be 
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enterotoxin producers. All three strains came from milk from one plant. 
Thermodurie studies revealed that two strains resisted 65° C. for 20 minutes 
and one strain resisted 85° C. for 20 minutes. D.P.G. 


502. Staphylococcus Intoxication with Two Fatalities Due to Milk from 
a Goat Suffering from Staphylococcus Mastitis. L. A. Weep, 
A. C. Micuarn, anp R. N. Harcer, Ind. Univ. School of Med., 
Indianapolis. Jour. Bact., 45, No. 4: 414. April, 1943. Abs. 
Proe. Local Branches. 


Two children and one adult developed acute gastro-intestinal symptoms 
with marked vomiting and diarrhea 1.5 hours after drinking raw milk taken 
from a goat which died within 24 hours after the last milking. The children 
died about 18 and 24 hours after drinking the milk. One half of the udder 
of the goat was the site of an acute suppurative mastitis with numerous 
abscesses opening into the lactiferous ductules. Microscopic examination 
and cultures of material taken from the udder revealed enormous numbers 
of Staphylococcus aureus, a culture filtrate of which produced typical entero- 
toxic symptoms and death in experimental animals. D.P.G. 


503. Staphylococci in the Bovine Udder. Wiis T. Minzer, Anim. Dis. 
Sta., Beltsville Res. Center, U.S.D. A. Jour. Bact., 45, No. 3: 307. 
March, 1943. Abs. Proc. Local Branches. 


Staphylococcus aureus was found in 33.3% of milk samples from 445 
cows in 6 dairy herds. In 2 herds the number of infected cows exceeded 
60%. Persistent infection occurred in certain cows in 3 herds for at least 
12 months. Seven strains of Staph. aureus, 6 of bovine and one of human 
origin, were used to expose 26 quarters of 8 cows by way of the teat canal 
on 55 occasions. Infection occurred in 22 quarters and in one cow all 4 
quarters were infected with the human strain. Staphylococcal antitoxin 
appeared in the blood following udder infection but none was found in the 
milk from undamaged quarters. Antitoxin was present in the colostrum 
but disappeared as soon as the secretion assumed the appearance of normal 
milk. D.P.G. 


504. Brucellosis: Consideration of Its Epidemiology, Diagnosis and Con- 
trol. Car. F. Jorpan, Epidemiologist, Iowa State Dept. Health ; 
Irvine H. Borts, Assoc. Dir., State Hygienic Lab., Iowa City; 
Donaup M. Harris, Med. Dir., Dist. Health Serv. No. 3, Spencer; 
AND JAMEs R. JENNINGS, Milk Sanit., Iowa State Dept. Health, Des 
Moines, Ia. Amer. Jour. Pub. Health, 33, No. 7: 773-779. 1943. 


Information on milk-borne brucellosis which is presented is based on an 
investigation of two cases caused by Brucella abortus in Madrid, Iowa, and 
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on an epidemic in Marues, Iowa, caused by Brucella suis. Results of agglu- 
tination and skin tests of users of the contaminated supplies are compared 
with tests of users of ‘‘other milk supplies.’’ In the case of the Marcus out- 
break, among 57 persons of all ages who used the contaminated milk supply, 
73.7% showed positive skin reactions, whereas only 10.8% of 158 consumers 
of other milk showed a positive or an allergic response. Diagnosis, control 
and prevention are discussed briefly. M.W.Y. 


505. A Combined Outbreak of Septic Sore Throat and Diphtheria. G. 
GraHnam Simms, Dept. of Pub. Health, Nova Scotia. Canad. Pub. 
Health Jour., 34, No. 4: 152-157. 1943. 


An investigation is reported of this combined epidemic in a university 
residence in which four cases of diphtheria and more than one hundred cases 
of septic sore throat occurred. Raw milk was consumed at the institution 
and the evidence suggests that one cow suffering from mastitis and shedding 
hemolytic streptococci in her milk may have been the source of the infection. 

O.R.1. 


506. Bacterial Food Poisoning. C. E. Doman, Univ. of Brit. Columbia, 
Vancouver, B.C. Canad. Pub. Health Jour., 34, No. 3:97. 1943, 
and 34, No. 5: 205. 1943. 


This article reviews much of the recent literature on this subject and in 
addition presents many of the author’s findings on staphylococcus food poi- 
soning and the enterotoxins produced by these organisms. An increased 
incidence of food poisoning is to be anticipated as a result of wartime con- 
ditions. Human and animal Salmonella carriers are of higher incidence 
than is often supposed and it is now known that some Salmonella organisms 
formerly thought to be animal pathogens only are potentially pathogenic 
for man. It is doubtful if food poisoning can be produced by the ingestion 
of the toxins of the Salmonella group, however. 


Enterotoxigenic staphylococci account for the most prevalent type of 
food poisoning. The reactions of human volunteers who took filtrates from 
staphylococcus cultures are described. None of these developed any appar- 
ent immunity by repeating the experience four times. Intravenous admin- 
istration of filtrates to kittens is also used as a diagnostic test. Feline 
vomiting reactions were also provoked by intraperitoneal and intravenous 
injections of filtrates from single strains of B. coli and Proteus vulgaris, 
although human volunteers took up to 50 ml. of these and other filtrates 
without harmful effects. 


Some types of bacterial food poisoning due to enterogenic staphylococci 
may appear to be due to other types of organisms largely because the staphy- 
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lococeus infection has been masked or overgrown by these other types by 
the time incriminated food reaches the laboratory for examination. 
O.R.I. 


ICE CREAM 


507. Ice Cream Consumption and Income. Anonymous. Ice Cream 
Field, 41, No.5: 24. 1943. 


Mention is made of the report of the Bureau of Agricultural Economics 
in which it is stated that the amount of ice cream consumed varies in pro- 
portion to the consumers’ income. This is followed by a report of a study 
of consumer habits for ice cream made by the Milwaukee Journal. 

It is stated that in Greater Milwaukee, of the total families paying 
$30.00 or less a month rent, 52.1% regularly ate bulk ice cream; of the 
families paying $30.00 to $40.00 a month rent, 55.7% regularly consumed 
bulk ice cream ; of those paying $40.00 to $50.00 a month rent, 58.3% regu- 
larly had ice cream in this form, while of those paying $50.00 and over in 
rent, 62.2% regularly enjoyed bulk ice cream. This shows that people in 
the low income groups are large and regular consumers of ice cream, it is 
stated. 

For these same income groups, the percentages of the families which 
regularly consumed brick ice cream was 82.3%, 82.2%, 82.3% and 84.3%, 
respectively. ‘‘In the final analysis,’’ it is concluded, ‘‘everybody likes ice 
cream, and there is hardly a person or family that cannot afford to eat it 
regularly.’’ W.C.C. 


508. Feasibility of Processing Vegetables, Fruits in Ice Cream Plants 
Previous to Freezing. J. M. Lampert, Temporary Staff Res. 
Engin., Dairy Indus. Supply Assoc. Ice Cream Field, 41, No. 6: 
16. June, 1943. 


The consensus of opinion was that fruits and vegetables could best be 
handled near points of harvest by existing equipment, principally by the 
canning industry. The following reasons for this point of view are listed : 
(1) Ice cream plants large enough to quick freeze significant quantities of 
material are generally located in large cities. In most such cases space is 
inadequate for the handling of raw stock and trucks required for transpor- 
tation. (2) Ice cream manufacture is basically an intensive manufactur- 
ing process carried out in limited space ; hence, processing previous to quick 
freezing is incompatible with ice cream plant design. (3) Ice cream plants 
are primarily designed to handle liquids in pipelines under gravity or pump 
pressure. The processing of fruits and vegetables necessitates the use of 
conveyors, belts, worm gears and chain bucket drags. Ice cream equipment 
is therefore not suitable for this purpose. (4) Water supply would be 
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inadequate for washing of fruits and vegetables in most ice cream plants. 
(5) Officials of existing legislation governing the operation of ice cream 
and dairy plants would oppose the use of dairy equipment for the processing 
of fruits and vegetables. (6) The blanching of raw fruits and vegetables 
would require only a part of the boiler capacity in the average ice cream 
plant, hence, would result in uneconomical use of fuel. (7) Wartime re- 
strictions on replacement of ice cream equipment necessitate its conservation 
and limited use. (8) Transportation of inedible portions of fruits and 
vegetables from point of harvest to city plants and subsequent disposal of 
wastes would be expensive. (9) It would be difficult for workers in the ice 
cream industry to acquire the necessary skill to process fruits and vegetables 
when they are already working to full capacity. (10) Excess refrigeration 
in sufficient amount will not be available unless ice cream manufacture is 
further restricted. W.C.C. 


509. Suggestions on the Use of Casein in Ice Cream. Tueo. R. Freeman, 
Fla. Agr. Expt. Sta., Gainesville. Ice Cream Field, 41, No. 5: 14. 
May, 1943. 


Preparing the casein by precipitation with dilute hydrochloric acid is 
described. It consists essentially of adjusting the acidity of skim milk 
to 0.47% to 0.50% and, after draining, washing the curd with acidified 
water. 

The casein can be held at 45° F. 3 to 5 days, at 35° F. 10 days, and at 
temperatures ‘‘well below freezing’’ it may be kept for a year. Trials in 
which sodium propionate (Mycoban) was used as a preservative showed that 
the addition of 0.2% made possible storage for 3 to 6 weeks at 35° F. and 
3 to 4 weeks at 45° F. The use of 0.4% Mycoban appeared to be no more 
effective than 0.2% in preventing mold growth, but it did delay the develop- 
ment of putrid odors. 

Not more than 35% to 40% of the serum solids in normal (10% to 11% 
serum solids) ice cream should be derived from casein. The following 
objections are given to using casein to excess: (1) The mix whips so rapidly 
that overrun control is difficult, (2) The flavor of the ice cream is impaired, 
and (3) There is a tendency towards a chewy or pasty body. The necessity 
of knowing the composition of the casein preparation is emphasized. 

The recommended method of incorporating the casein into an ice cream 
mix is first to prepare a 20% ‘‘casein gel’’ by mixing the casein in sufficient 
water to which has been added about 0.25 pound of baking soda for each 10 
pounds of curd used. Several hours are required to form the gel after 
which it can be added to the balance of the mix at 120° F. as it is being 
heated for pasteurization, otherwise the mix is processed in the usual 


manner. 
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Teichert et al. are quoted as saying that excessive overrun can be pre- 
vented by reducing to one-half the amount of stabilizer used and by the 
addition just before pasteurization of 30 grams of anhydrous calcium 
chloride per 100 pounds of mix. W.C.C. 


510. Dried Whole Egg Powder. II. Effect of Heat Treatment on 
Quality. W. Harotp Waite anp M. W. Tuist1z, Natl. Res. Coun- 
cil, Ottawa, Canada. Canad. Jour. Res., 21, D,7: 194. 1943. 


The effect on quality of heating dried egg powder at temperatures rang- 
ing from 26.7° to 60° C. for from 3 hours to 7 days was investigated. 

Quality deterioration was assessed by determining the fluorescence, po- 
tassium chloride and water value and the pH and refractive indices of the 
potassium chloride and aqueous extracts. 

The rate of quality deterioration was on the average usually greatest on 
heating for one day at temperatures of 43.3° C. or higher. The results 
indicate that egg powder should be cooled after drying so that the tempera- 
ture reaches 26.7° C. or less within 3 hours. O.R.I. 


511. Dried Whole Egg Powder. III. A Refractometric Method for the 
Determination of Solubility. W.Harotp WHITE Anp G. A. GRANT, 
Natl. Res. Council, Ottawa, Canada. Canad. Jour. Res., 21, D,7: 
203. 1943. 


Egg powder of edible quality may be divided into those suitable for 
consumption in egg dishes and those satisfactory only for use by bakers and 
other food manufacturers requiring a source of edible, soluble protein for 
their products. A method is described for determining the ‘‘refractometric 
value,’’ which is indicative of the soluble protein content of the powder. 
The powder is defatted with petroleum ether and then extracted with a 5% 
solution of sodium chloride, after which the refractometric value of the 
extract is determined using an Abbé refractometer. O.R.I. 


512. Dried Whole Egg Powder. IV. Effect of Moisture Content on 
Keeping Quality. W. Harotp Wuire anp M. W. Natl. 
Res. Council, Ottawa, Canada. Canad. Jour. Res., 21, D,7: 211. 
1943. 


Dried whole egg powders obtained from three different manufacturers 
were adjusted to contain from 2 to 8.5% moisture, and held at temperatures 
ranging from 7.1° to 43.3° C. Quality was assessed by determination of 
the fluorescence, potassium chloride and refractometric values. 

Temperature was the most important single factor studied affecting the 
keeping quality of dried egg. However, at all temperatures the rate of 
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deterioration increased with increases in moisture content. To maintain 
quality during storage, dried egg should not contain more than 5% mois- 
ture and preferably 2% or less. O.R.1. 


MILK 


513. Laboratory Control of Milk Under War Conditions...The Rapid 
Phosphatase Test. H. Scuarer, Chem. Lab., Dept. of Health, 
New York, N. Y. Amer. Jour. Pub. Health, 33, No. 4: 396-398. 
1943. 


The importance of the careful preparation of reagents and use of ade- 
quate controls are stressed. The unavailability of normal butyl alcohol 
prompted a further modification of the rapid phosphatase test which is mid- 
way between the earlier ‘‘field test’? and the laboratory procedures, and 
which can be utilized equally well by the laboratory or the inspector. The 
name ‘‘control test’’ is suggested. When time is no great factor it is sug- 
gested that the incubation period be extended to one hour, the precipitation 
technique dispensed with and the dibromoquinonechloromide added directly 
when the test becomes sufficiently sensitive for all practical purposes. 

In the application of any of the techniques to high-temperature short- 
time pasteurization, it is necessary to have some information regarding the 
preheating time and temperature as well as the rated holding time and tem- 
perature. In the case of cream, it is frequently necessary to have some 
knowledge of the history, particularly the age of the sample after pasteuriza- 
tion, before a sample may definitely be classed as improperly pasteurized. 

M.W.Y. 


514. Laboratory Control of Milk Under War Conditions. Waurer D. 
TIEDEMAN, State Dept. of Health, Albany, N. Y. Amer. Jour. Pub. 
Health, 33, No. 4: 401-403. 1943. 


The use of the phosphatase test to determine adequate heat treatment or 
pasteurization of the milk, the coliform test to show possible contamination 
after pasteurization, and the direct microscopic count to indicate the bac- 
terial content, in a general way should give the health officer the information 
he needs to know about a milk supply. The substitution of the direct micro- 
scopic count for the standard plate count in the examination of pasteurized 
milk and cream offers possibilities for wartime conservation of time and 
materials. Adoption of a 200,000 direct microscopic clump count limit on 
pasteurized milk used in conjunction with the phosphatase test and the coli- 
form test should enable health officials to maintain adequate public health 
control of such milk supplies without the use of the standard plate count. 

M.W.Y. 
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515. Laboratory Control of Milk Under War Conditions. Milk Testing 
Under Emergency Conditions. R. V. Stone, Los Angeles, Calif. 
Amer. Jour. Pub. Health, 33, No. 4: 399-400. 1943. 


The Pearl Harbor treachery stimulated early action in Los Angeles 
County to formulate a Dairy Industry Emergency Civilian Defense Gen- 
eral Committee. Twelve committees were set up. The Technical Com- 
mittee was assigned, primarily, to laboratory and associated problems. 
Plans for laboratory work in case of an emergency are discussed. M.W.Y. 


516. Laboratory Control of Milk Under War Conditions. C. K. Jouns, 
Dept. Agr., Ottawa, Canada. Amer. Jour. Pub. Health, 33, No. 4: 
393-395. 1943. 


A quality control program may be carried out with simplified laboratory 
procedures which make less demand upon skilled help, apparatus, and sup- 
plies. The ‘‘triple reading’’ resazurin test has definite advantages for the 
grading of milks on the basis of both bacterial and leucocyte contents, while 
the oval tube method is preferred following laboratory pasteurization for the 
detection of milks containing thermoduric organisms in significant numbers. 

M.W.Y. 


517. Laboratory Control of Milk Under War Conditions. A. W. Fucus, 
U. S. Pub. Health Serv., Washington, D. C. Amer. Jour. Pub. 
Health, 33, No. 4: 390-392. 1943. 


Milk laboratory surveys in defense areas have been made throughout the 
country to determine whether equipment and procedures employed in bac- 
teriological examinations are in conformity with the Standard Methods for 
the Examination of Dairy Products, and to suggest improvements toward 
that goal. The survey indicates the need for an adequate system of state 
approval or licensing of bacteriological milk laboratories. The need for 
speedy tests, the results of which are available in time to keep unsafe milk 
off the market, is stressed. M.W.Y. 


518. Simplification of Laboratory Control Procedures for Market Milk. 
Rosert S. Breep, N. Y. Agr. Expt. Sta., Geneva, N. Y. Amer. 
Jour. Pub. Health, 33, No. 4: 386-389. 1943. 


The desirability of basing the entire milk control program on tests of a 
type that can be applied by the inspector on the spot with subsequent rejec- 
tion or embargo placed on the milk before use, is emphasized. The odor 
test with rejections checked by microscopic examination is recommended as 
used by the New York City Inspection group. Procedures useful in judging 
the quality of bottled pasteurized milk are discussed. M.W.Y. 
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519. Trends in Laboratory Procedures in the Milk Control Program of 
St. Louis. Janez HersHey, Harry WALpRIP, AND JosEPH C. WIL- 
LETT, St. Louis Health Div. Labs, St. Louis, Mo. Amer. Jour. Pub. 
Health, 33, No. 4: 339-342. 1943. 


The methylene blue test for raw milk and the phosphatase test for 
pasteurized milk are discussed. A simplified procedure is used for the 
methylene blue test. A pipetting machine is used to add the methylene 
blue. The tubes, which are in racks holding 10, are stoppered with a strip 
of smooth-surfaced sponge rubber, long enough to cover the rack, held in 
a metal gripper. This is held so tightly against the mouths of the tubes that 
they may be inverted and shaken vigorously without leakage. As one rub- 
ber grid is used for shaking, an assistant rinses a second in running tap water 
and blots it with a fresh paper towel. Two people can set up 1,500 or more 
tests in about an hour. Only half as many samples are now reduced in less 
than 6 hours as in 1938. M.W.Y. 


520. Milk Laboratories in War Areas. LutTuer A. Buiack, Sanitation 
Sect., States Relations Div., U. 8. Pub. Health Serv., Washington, 
D.C. Amer. Jour. Pub. Health, 33, No. 7: 824-832. 1943. 


In the interest of increasing the accuracy of bacteriological milk analysis, 
281 laboratories in 40 states were surveyed. Of these, 276 used the agar 
plate method. Compilations were made of the number of laboratories con- 
forming to, and deviating from, each item of equipment, preparation, tech- 
nique, and reporting required by Standard Methods. No laboratory con- 
formed in all items of even the general group on apparatus, or technique. 
One laboratory conformed in preparation, one in incubation, 11 in counting 
and 25 in reporting results. The U.S. Public Health Service survey forms 
should be of value to administrators in improving the work of laboratories 
in their jurisdiction. M.W.Y. 


521. Producing Quality Milk. Eart Weaver anp J. M. JENSEN, Mich. 
State Col., East Lansing. Mich. Agr. Ext. Bul. 245. 1943. 


This publication outlines the essentials for high quality milk production 
and describes common methods used for testing miik quality. PEF. 


522. Credit Problems in Wholesale Milk Areas of New Hampshire. 
Byron Peterson, N. H. Agr. Expt. Sta, Durham. N. H. Agr. 
Expt. Sta. Cir. 64. 1943. 


One hundred dairymen were interviewed concerning the amount, cost, 
and type of their indebtedness. Of these, 79% used credit, their liabilities 
equalling 21% of their assets. Short term loans were secured principally 
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from local banks. Loans for intermediate periods of time were secured 
principally from the Farm Security Administration and the Production 
Credit Association. Of the 60 long term loans, 26 were made by local banks, 
23 by the Federal Land Bank, and 11 by individuals. Interest rates were 
not excessive. Through the wise use of credit, many dairy farms could be 
developed to fuller capacity. Lending agencies need to become better ac- 
quainted with farmers and better informed as to the individual and collec- 
tive problems of farm borrowers. P.H.T. 


523. An Easy Method for Determining Total Solids in Milk. Lropoipo 
L. Ruepa, Havana, Cuba. Natl. Butter and Cheese Jour., 34, No. 
8:12. Aug., 1943. 


A nomograph is described for determining quickly the total solids in milk 
by the Sharp and Hart formula when the lactometer reading at 30° C. (86° 
F.) and the fat content of the milk are known. For calibrating the lactom- 
eter to be read at 30° C., six and ten per cent solutions of cane sugar are 
used which have specific gravities at 30° C. with reference to water at 30° C. 
of 1.02351 and 1.03982, respectively. Differences from these specific gravi- 
ties indicated by the lactometer readings of these two solutions at 30° C. 
furnish the desired adjustment factor for using the lactometer at this tem- 
perature. Instructions are given for determining the correction in lactom- 
eter reading for slight deviations of temperature from 30° C. The nomo- 
graph is printed large enough so that it can be mounted and used in plant 
or laboratory practice. W.V.P. 


MISCELLANEOUS 


524. Some Characteristics of Refrigerants. Brnsamin H. Spur.ock, Jr., 
Univ. of Colo., Boulder, Colo. Refrig. Engin., 46, No. 2: 107. 
1943. 


The author lists the properties of the ideal refrigerant as being: 1. High 
latent and high ratio of specific heat of vapor to specific heat of liquid. 2. A 
boiling point at atmospheric pressure low enough to obtain the desired tem- 
perature. 3. A relative low pressure at the cooling medium temperature. 
4. A low ratio of compression. 5. A low specific volume of the vapor leav- 
ing the evaporator. 6. A high critical temperature; low freezing tempera- 
ture. 7. Non-corrosive action on metals, rubber and bearing materials. 
8. A chemical composition which is stable under working conditions and 
inert on lubricants. 9. A non-inflammable and non-explosive nature, even 
when mixed with air. 10. An inoffensive odor. 11. A non-toxic nature 
even when mixed with air. 12. Low cost of production. 13. A behavior 
whereby its presence in small quantities may be visibly detected by a simple 
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test. 14. Low viscosity, gas and liquid. 15. High conductivity (heat) and 
film coefficient. 

A table accompanies the article which has been compiled from many 
sources listing the characteristics of 24 refrigerants under 42 headings, 
making the most comprehensive refrigerant comparison chart ever prepared 
and published. L.M.D. 


525. Some Factors Influencing the Toxicity of Ozone to Fungi in Cold 
Storage. R.D. Watson, Dept. of Plant Pathology, Cornell Univ., 
Ithaca, N. Y. Refrig. Engin., 46, No.2: 103. 1943. 


The experimental work described was applied primarily to apple storage. 
Advantages of ozone as a fungicide agent in cold storage are: 1. Ozone leaves 
no residue except oxygen. It may be safely used as a fungicide without fear 
of a harmful residue. 2. Since ozone is a gas it gives fungicidal action 
wherever air is able to diffuse readily. Ozone, therefore, reaches the apples 
and inhibits mold growth within and throughout the package in places that 
would be difficult or impossible to reach without the use of a gaseous fungi- 
cide. 3. Since ozone is used as a fungicide at relatively low concentrations, 
of the order of 0.4 to 2 parts per million, and is constantly being replaced, 
it is unnecessary to have an airtight or sealed storage. The room may be 
entered freely without appreciably affecting the ozone concentration in the 
room. 4. Many of the advantages of the use of ozone are associated with 
its oxidizing power. The oxidation and destruction of any odor-producing 
substances leave the treated room free of odors such as those from fruit, 
boxes, and fungi. 5. At the concentrations used in apple storage rooms, 
up to one or two parts per million, no ill effects were observed on persons 
entering the rooms. 

The limitations are: 1. Ozone is unstable and must be used continuously 
or intermittently at regular intervals. 2. Ozone oxidizes some substances 
more rapidly than does oxygen. It is inactivated by rubber and likewise 
causes damage to the rubber. Fatty substances become rancid in ozone 
storage more rapidly than in storage without ozone. (Abstractor’s observa- 
tion: Butter, Cheddar cheese, cream and Neufchatel cheese should not be 
exposed to ozonization, because surface oxidation will occur.) 3. Organic 
material like the exposed flesh of fruit destroys ozone, thus limiting its effee- 
tiveness in protecting cut or punctured apples from rotting. 4. The low 
concentrations of ozone used limits its rate of diffusion so that it becomes 
ineffective in controlling mold or bacterial growth throughout liquids which 
have considerable depth. 5. Ozone in relatively high concentrations causes 
minor injury to soft types of fruit. L.M.D. 
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The THIRD of 2 series discuss- 
ing how Nature and Man 


Logether develop our finer foods. 


THE FIRST VANILLA PROCESSORS 


In the making of fine vanilla flavoring, there must 
be a nice balance of cooperation between Nature 
and Man. Nature furnishes the vanilla vine itself. 
Man selects the best variety for his purpose, 
transplants it, cultivates it, pollinates each blos- 
som individually and, finally, gets a crop of vanilla 
beans. This seems like more care than is required 
for the normal orchard of fruit. But the striking 
thing about the production of vanilla flavoring is 
that when the grower does harvest his beans, he 
hasn’t got an ounce of vanilla flavoring, no matter 
how big his acreage. The reason for this is that 
Nature made the vanilla vine, but Man must make 
the vanilla flavoring. The flavoring that the world 
loves so well is produced by a series of chemical 
actions after the beans are harvested. 


The Indians of the 16th Century observed that © 


certain changes in the ripe beans on the ground 
+ produced the fascinating aromatics. With typical 
Aztec ingenuity, they decided that a better result 
could be obtained by spreading the beans out in 
some natural sunny area. From this elemental 
beginning, great strides have been made in the 
essential curing which must take place to produce 
any semblance of vanilla flavoring. 

About a century ago, someone introduced the 
idea of artificial heat. In Madagascar, the French 
developed the method of dipping the beans in hot 
water to help the enzymes start their chemical 
work within the bean. In Dominica and Guade- 
loupe, the curers scratch the beans with a needle, 
then string them on a line to be developed by the 
sun. Today, experiments are being carried on by 
the Agricultural Experiment Station in Puerto 
Rico with ethylene and other gases; with electric 
ovens as a source of artificial heat; with man-made 
refrigeration as a means of breaking down the cell 
walls to help the enzymes go to work. 

Every curing method results in some advan- 
tages and some disadvantages. For instance, the 
Mexican method secures benefits from the extreme 
amount of sunning which is required. However, 
this very sunning drives off some of the invaluable 


volatile vanillin. Other methods achieve some 
advantages but fail to develop as much fragrance. 

It was natural that the men who have devoted 
a lifetime of interest and study to all phases of the 
production of this wonderful flavoring, learned 
some of the chemical secrets of the vanilla bean. 
They found that from the start of the curing to 
the finished package of vanilla flavoring, a series of 
related chemical actions must take place. By arti- 
ficial means, Man helps the enzymes, within the 
bean, to do their best work in synthesizing the 
flavoring compounds. When the enzymes have 
gone as far as they can, the laboratory takes over 
and completes the job of bringing the ultimate 
flavoring to the peak of balance. There is no place 
where it can be said Nature stops and Man begins. 
There must be teamwork from the very beginning. 

Just what constitutes the finest vanilla flavor- 
ing offers a subject for interesting discussion. In 
this land where we like to reduce everything to a 
formula or a brief definition, the problem of 
vanilla flavoring stumps the experts. It is unrealis- 
tic to classify the flavoring compounds of the 
properly cured vanilla bean as “natural” because 
so many artifices are required in their present-day 
production. It is unrealistic to classify vanillin as 
“artificial” because the compound occurs so 
frequently in Nature. And it is unrealistic to 
classify the combination of the two as “artificial” 
or “natural.” And so, in the present high develop- 
ment of food products, it seems as if the words 
“natural” and “artificial” have outworn their 
usefulness. 

The modern measure of quality is in giving the 
consumer the best that Nature and Man, in 
combination, can produce. 


te continued pro- 


Your advertisement is being read in every State and in 25 Foreign Countries 


| 
DAVID MICHAEL CO. 
of ond osher pemdered vanilla product 
| cront and Master Streets, Philadelphia 22,Pa- 
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THE 
RITE-WAY 
MILKER 


Massages As 


It Milks—> 


Among dairy- 
men most familiar 
with growth of 
mechanical milk- 
ing through two 
decades, the out- 
standing popularity of Rite-Way 
Milkers has been due in part to such 
exclusive features as: 


(a) Inflations that gently massage the 
udder at teat-bases with each 
alternating pulsation, thus induc- 
ing free let-down of milk. Tapered 
inflations completely support teat- 
walls, avoiding vacuum “travel”. 
Assures longer wear. 


(b) Precision-made reciprocating pul- 
sator, has no springs, automat- 
ically equalizes vacuum and in- 
take release to maintain constant 
balance, and prevents congestion 
in teats. 

(c) Rubber parts made by special 
Rite-Way formula. Rubber re- 
placements now available for all 
makes of milkers. 


Ask your dealer to make reserva- 
tion for earliest possible delivery of 
Rite-Way Milker. 


Our new booklet, “America's 
Milk Production in Wartime" 


RITE-WAY PRODUCTS CO., INC. 


1247-49 BELMONT 13, iLL. 


Dairy 
Preparations 


Cheese Rennet and Color 
Annatto Butter Color 
Certified Butter Color 

Ice Cream Color 
Lactic Ferment Culture 
Bulgarian Culture 

Cheese Bandages, Circles 
Press Cloths 
Odorless Dairy Fly Spray 
Testing Solutions 
Rennet Tests 


CHR. HANSEN’S LABORATORY, INC. 


MILWAUKEE, WISCONSIN 


MARSCHALL 
RENNETand COLOR 


% The high strength, purity and uniform- 
ity of Marschall Rennet and Color assure 
you the best possible job throughout your 
entire cheesemaking operations. 

For superior results every day, specify 
Marschall’s, ‘‘ America’s Favorite Brand.’’ 


MARSCHALL DAIRY LABORATORY 


INCORPORATED 
MADISON, WISCONSIN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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FREE TECHNICAL 
BULLETINS 


Compiled bythe 
DIVERSEY RESEARCH LABORATORIES 


Summary of Contents 


Cleaning, the foundation of sanitation ... how 
modern cleaners through superior wetting and 
water softening action improve sanitation ... 
new developments in bottle washing... six rea- 
sons why scale is objectionable in bottle washing 
machines . . . how to remove scale safely... 
how to keep scale off the machine . . . five-point 
check list for evaluating the merit of a chlorine 
disinfectant . . . how newly developed test re- 
veals the comparative penetrating power of chlor- 
ine disinfectants . . . future trends in dairy sani- 
tation. 

Diversey Technical Bulletins have been prepared 
in the interest of better sanitation in the nation’s 
dairy, beverage, and other food plants. Copies 
are available without.cost or obligation. Simply 
address your request to The Diversey 
Corporation, 53 W. Jackson Blvd, 
Chicago, Ill. 


NEED HELP ? JUST CALL A 
VERSEY MAN 


ll 


Copies of the 20-Year Index 
covering Volumes I to XX, 
inclusive are available at the 
following prices: 


MEMBERS 
Cloth Bound ........... $2.35 
Paper Bound ........... 2.00 


Your advertisement is being read in every State and in 25 Foreign Countries 
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AMERICAN DAIRY SCIENCE ASSOCIATION 


INCORPORATED IN THE DISTRICT OF COLUMBIA 


Officers 
President A. C. DAHLBERG, Ithaca, New York 
Vice-President A. C. RAGSDALE, Columbia, Missouri 
ee B, STOLTZ, Columbus, Ohio 
Editor T. 8. Surron, Columbus, Ohio 
Director P. H. Tracy, Urbana, Illinois 
Director C. L. BLACKMAN, Columbus, Ohio 
Director R. B, BECKER, Gainesville, Florida 
Director W. E. PETerseEn, St. Paul, Minnesota 
Director ee G. MALCOLM Trout, East Lansing, Michigan 
Director ... J.C. Knorr, Pullman, Washington 
ee H. P. Davis, Lincoln, Nebraska 

Officers of Sections 
Dairy PRODUCTION SECTION 
Chairman Dwicut L. Espe, Ames, 
Vice-Chairman G. W. SauisBuryY, Ithaca, New York 
Secretary D. M. SEATH, University, La. 
DatrY MANUFACTURING SECTION 
Chairman Pau F. SHarp, San Francisco, Calif. 
Vice-Chairman L, K. Crowe, Lincoln, Nebraska 
Secretary I. A. GouLD, East Lansing, Michigan 
Dairy EXTENSION SECTION 
Chairman E. C. SCHEIDENHELM, East Lansing, Mich. 
Vice-Chairman FLoyp ARNOLD, Ames, Iowa 
Secretary GERALD HEEBINK, Morgantown, W. Va. 
Officers of Divisions 

SouTHERN 
Chairman R. B. Becker, Gainesville, Fla. 
Vice-Chairman J. P. LAMAstTER, Clemson, 8. C. 
Secretary-Treasurer F. H. Herzer, State College, Miss. 

EASTERN 
Chairman H. C. Moorz, Durham, N. H. 
Vice-Chairman A. I. MANN, Storrs, Conn. 
Secretary-Treasurer L. R. Down, Storrs, Conn. 

WESTERN 
Chairman N. 8. Goupine, Pullman, Wash. 
Vice-Chairman S. W. Meap, Davis, Calif. 
Secretary-Treasurer H. P. Ewatt, Corvallis, Oregon 


The American Dairy Science Association was organized to advance the general wel- 
fare of the dairy industry, especially by the improvement of dairy instruction by the 
stimulation of scientific research in all phases of the subject and by improvement in 
methods of conducting extension work. 


Membership. Any person is eligible to membership who is formally announced by 
an Agricultural College or Experiment Station, or by the Bureau of Dairy Industry of 
the United States Department of Agriculture or by the Canadian Department of Agri- 
culture as an instructor, extension worker, investigator, or administrative officer connected 
with the dairy industry, or any person filling a position of responsibility connected with 
the dairy industry who has had a college or university training in technical science, or 
any person filling a responsible position in the dairy industry of a professional character 
requiring a technical knowledge of dairying of a high order. The membership fee is $5.00. 


The dues are $5.00 a year, $3.00 of which is for a year’s subscription to the Journal 
of Dairy Science. Correspondence regarding membership and dues should be addressed to 
R. B. Stoltz, Ohio State University, Columbus, Ohio. 


12 
| 
| 


JOURNAL OF DAIRY SCIENCE 


13 


help YOU? 


We believe it can—and will. It’s 
a symbol of the precision stand- 
ards required in the aviation and 
other war industries. Today 
Wright engineers and craftsmen 
are necessarily working to the 
standards of these industries. 
When the war is over, these 
vastly improved techniques will 
be reflected in the design and 
production of Wright dairy 
equipment. Meanwhile, if you 
have a current problem involv- 
ing equipment, perhaps we can 
help. 


R. G. Wright 
COMPANY, Inc. 


BUFFALO, N. Y. 


CAN WASHERS - BOTTLE WASH- 
ERS - PASTEURIZERS - SURFACE 
COOLERS - WEIGHING AND RE- 
CEIVING EQUIPMENT - SANI- 
TARY PUMPS - CONVEYORS 
AND OTHER MILK PLANT 
EQUIPMENT 


FLAV-0-LAC 
FLAKES 


THE CULTURE 


of definitely better 
flavor & aroma-pro- 
ducing qualities. 


The standard with 
foremost operators, 
agricultural schools & 
colleges. 


FLAV-0-LAC FLAKES 
(shown) produce a 
quart of the finest 
starter on a single 
Single 


SPECIAL FLAV-0-LAC FLAKES “40” 


produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.00 


Free Culture Manual of Fermented Milk Prod- 
ucts on request. 


Pioneers in Spectro-chemical, Chemical and 
4, By. Niootimi Determinations of Vitamins 
By 2, — Acid, Pantothenic Acid, Be, 
in Dairy and Food Products. (Vitamin 

5 inquiries invited. 


THE 


DAIRY: LABORATORIES 


23rd & Locust Sts., Phila., Pa. 


New York Ly 
See our catalog "Industries Catalog. 


SDALABE | 


How to Remove Milkstone 
Deposits Safely, Quickly 


As many dairies, creameries, milk and ice 
cream plants have discovered by experience, 
bacteria-harboring milkstone deposits can be 
removed from pasteurizers, coolers, etc. with- 
out tedious, time-consuming scouring and 
scrubbing .. . and without resorting to harsh 
abrasives. How? Simply by using . 


Oakite Milkstone Remover 


(Process Protected by U. 8. Patent) 


This specially designed material so thor- 
oughly softens and loosens deposits that a 
light brushing and a rinse, followed by regu- 
lar cleaning, completely yet SAFELY re- 
move them! As a result, Oakite Milkstone 
Remover saves man-hours, conserves equip- 
ment and helps keep bacteria counts low! 
FREE, 12-page manual gives formulas. 
Write for YOUR copy TODAY! 
OAKITE PRODUCTS, INC., 
Dairy Research Division, 
16G THAMES STREET, NEW YORK 6, N. Y. 


Technical Service Representatives Located in All 
Principal Cities of the United States and Canada 


OAKITE ee CLEANING 


Your advertisement is being read in every State and in 25 Foreign Countries 
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“THE GAULIN TWO STAGE HOMOGENIZER AND HIGH 
PRESSURE PUMPS have met the Dairy Industries needs for a durable, 
heavy duty and economical machine, since 1909. Homogenizers and 
Pumps are still available with proper priority ratings, as well as repair and 
replacement parts. Both machines are strictly sanitary and are approved 
by all leading health boards. The Homogenizers are built in sizes from 
75 gallons to 2000 gallons per hour, and the High Pressure Pumps are 
custom built to suit individual needs. The Gaulin is the ideal, all-purpose 
machine for fluid milk, ice cream, evaporated milk, condensed and 
spray-drying milk or eggs.” 


MANTON-GAULIN 


TWO STAGE 


HOMOGENIZER 


THE MANTON-GAULIN MFG. CO., INC. 


7 CHARLTON STREET EVERETT, MASS., U.S.A. 


DIET 


AND 


The National Dairy Council is the educational and sales promotional organi- 
zation of the dairy industry. The Council operates nationally through its cen- 
tral office in Chicago and locally through its more than thirty unit Councils in all 
parts of the United States. 


The National Dairy Council program reaches every member of the family 
through the chief opinion-forming groups in all professional and educational 
fields. Such key groups as physicians, dentists, teachers, nurses, nutritionists, 
writers and public health workers are kept informed constantly of the dietary 
importance of all dairy products. 


111 North Canal Street, Chicago, Ill. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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All Back Copies 
Are Now Available 


The Board of Directors has recently had nine back 
numbers reproduced 


Vol. XVIII ..... 
Vol. 
Vol. 
J Vol. XXIII ..... 
Vol. XXIV ..... 
Individual numbers $1.00 each 


These may be procured by ordering them from the 
Sec’y-Treas., c/o Ohio State University, Columbus, 
Ohio. Make all checks payable to the 


AMERICAN 
DAIRY SCIENCE ASSOCIATION 


Your advertisement is being read in every State and ir 25 Foreign Countries 


$5.00 
5.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the Journal is reserved 
for the publication of original research voluntarily submitted by members of the 
association to the JourNaL and review articles by invitation. In the case of joint 
authorship the membership ruling applies to one author only. 

Papers that have already appeared in print or that are intended for simulta- 
neous publication elsewhere, will not be accepted. 

Manuscripts——Manuscripts should be submitted in double spacing on one side 
of suitable 84”<11” paper. The original copy—not the carbon—should be fur- 
nished, packing it flat—not rolled or folded. ll illustrative and tabular material 
should accompany the manuscript. The position of each illustration and of each 
table should be clearly indicated in the text. 

In the case of manuscripts, other than review articles prepared by invitation, 
that contain more than 12 printed pages, the author is charged at the rate of $5.00 
per page for all pages in excess of twelve. This charge is omitted in the case of 
articles of extraordinary merit. 

Manuscripts voluntarily submitted, when approved for publication, will be pub- 
lished in the order of their receipt. Manuscripts should be sent to the Editor, T. S. 
Surron, Plumb Hall, Ohio State University, Columbus, Ohio. 

Drawings.—Drawings, diagrams and charts for illustrations should be prepared 
for reproduction as line drawings or halftone engravings. The original drawings 
should be done in India ink on white or blue-white tracing cloth, tracing paper, or 
Bristol board and neatly lettered in India ink. Legendary material on the drawing 
should be neatly lettered in India ink—not typewritten. 

The original drawings—not photographs of the drawings—should accompany 
the manuscript. Illustrations not in proper finished form will be prepared for pub- 
lication and the author charged for the cost of the work. 

Photographs.—Photographs for halftone reproductions should be glossy prints, 
free of all imperfections. 

Legends.—All illustrative materials, both drawings and photographs, should be 
accompanied by appropriate legends, typewritten on a separate sheet of paper. 

Tabular Material—Tabular material in the manuscript should be clear, concise 
and accurate. Simple tables are more effective than complicated ones. If possible, 
tables should be so organized that they may be set crosswise of the page. In many 
instances it is possible to materially improve the appearance and usefulness of 
tabular material without sacrificing completeness of information, by condensing 
detailed data and presenting them in a simple table summarized form. 

References.—References should be listed alphabetically as to authors and num- 
bered; and citations in the text should be made by the number in parentheses, corre- 
sponding to the number in the reference list. 

Each reference should contain the following data in the following order: Name 
and initials of author or authors; title of the article referred to; principal words in 
the titles of all articles should be capitalized; name, volume, number, page number 
and year of publication. 

Abbreviations of the titles of publications should wate to the standard set 
by the United States Department of Agriculture given in U. S. Dept. Agr., Mise. 
Pub. 337, April, 1939. 

For uniformity of punctuations the references should conform to the following 
example: (1) Jongs, L. W., anp Surru, J. D. Effect of Feed on Body of Butter. 
Jour. Day Sct., 24: 4, 550-570. 1941. 

References should be carefully checked for accuracy by the author. 
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HEALTH gets top priority 
in America’s 


jighting forces 


Vigorous health is es- 
sential for the men who 
must attack the enemy and 
bring victory to the United Nations. In 
past wars, disease has taken a far greater toll 
of life than bullets. 

_ Today well equipped government scientific 

and medical staffs should receive credit for 
the fact that America’s armed forces are 
better fed, better clothed and in better physi- 
cal condition than any other army in history. 

Almost countless are the tasks given the 
microscope in these undertakings. 

Spencer’s greatly increased facilities are 
breaking all production records in the race 
to supply the United Nations with the in- 
struments they so vitally need. 


Optical instruments are 
so vital to war and public 
health that the nation’s 
needs absorb practically all 
of Spencer’s greatly in- 
creased production. 


SPencerr company 


BUFFALO, NEW YORK 
SCIENTIFIC INSTRUMENT DIVISION OF 
AMERICAN OPTICAL COMPANY 


OUR SALT carries 
an umbrella! 


Know why an Englishman carries an umbrella? 
To keep dry, of course . . . and we’ve developed 
a practical “umbrella” for Diamond Crystal Salt 
—to help keep it dry and prevent caking. 


Salt cakes, owing to excessive humidity, because 
moisture condenses on salt particles, forming a 
thin layer of brine. In dry weather, the brine 
evaporates and the crystals knit together. 


Our research laboratory has found a number of 
ways to help prevent salt caking. Removing 
moisture-attracting impurities, such as calcium 
chloride, helps. So does complete removal of 
fines by careful screening. Most important is to 
provide salt with a moisture-vapor-resistant 
package to keep out dampness. 


50-Ib. sheets of kraft and two 25-lb. sheets of 
kraft, laminated with 40 lbs. of asphalt per ream. 
That’s a lot of asphalt, and it costs us more 
money—but our moisture-vapor transmission 
tests show that this bag is worth the extra cost. 
The bag is even sewn with waxed thread to seal 
up holes made by the sewing-machine needle. 
That’s real protection—one reason we have been 
able to eliminate caking as a major problem! 
NEED HELP? HERE IT 18! If you have a salt 
problem, write our Director of Technical Service. 
He will be happy to help! Diamond Crystal Salt, 
Dept. H-1, St. Clair, Michigan. 


DIAMOND CRYSTAL 


ALBERGER 
PROCESS SALT 


Your advertisement is being read in every State and in 25 Foreign Countries 


35 
NACE 
OPS 
Take our Flour Salt bag: It is composed of three 
\ 


Sometimes, better formulas 
are written with an eraser! 


Most great product’ are the result of ceaseless expe- 
riment, improvement and change. Yet, how often is 
all chance of improvement brushed aside with the 
casual remark—’'We don’t like to change our for- 
muia’’? Too frequently, the same old formula has 
been used so long that even the idea of changing 
it is seldom considered. But “the same old formula” 
isn’t always the best formula. Vanilla, for example, 
is such an important ingredient and plays such a 
big part in the ultimate popularity and. sale of any 
product that nothing less than the best can ever be 
good enough. Yet, how long is it since you've even 
questioned the vanilla you are now using? 


If you are not one of the many ice cream manufac- 
turers already using Veritivan, why don’t you try it 
and see how much rich, delicious goodness it will 
add to your own ice cream? We think you'll agree 
with so many others that Veritivan is truly the best 
of all fine flavors. 


FOOD MATERIALS 


CORPORATION 


Manufacturing Flavor Chemists 


2521 WEST 48TH STREET o CHICAGO 
Branch Offices in all Principal Cities 


By. 
City. State. 
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Albee Bldg. 
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NATIONAL 4, 
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DAIRY COUNCIL 


IT’S STILL A 
DIFFERENT KIND OF 
SHOW 


For a second time the indus- 
try is saying: “There is no 
Dairy Industries Exposition 
this year!” 


Again that’s as it should be. 
Now the “Shows” that count 
are in New Guinea—Italy— 
and perhaps soon within Ger- 
many, too. 


Across every ocean flow, 
now, war supplies and equip- 
ment made in the DISA 
Plants that once —as they 
will again some day — pro- 
duced supplies and equip- 
ment solely for you. 


So the “Shows” on the dis- 
tant, embattled continents— 
to assure our freedom—are 
the dairy industries’, still. 
We will win that way... 


DAIRY INDUSTRIES SUPPLY 


ASSOCIATION 


Your advertisement is being read in every State and in 25 Foreign Countries 
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@ Here’s the solution to one of the Dairy Industry’s most 
troublesome problems. The LAcTRon Liquid Level Control 
—utilizing the modern principle of electronics—provides a 
dependable, sanitary means for measuring and controlling 
the volume of any fluid dairy product. Quickly and easily 
installed in pasteurizers, storage tanks, receiving tanks, vac- 
uum pans, cooler troughs, ete. 


The LacTron Liquid Level Control is remarkably efficient 
and completely sanitary. It eliminates the need for floats 
and other hard to clean moving . The only part of the 
LacTron Control in contact with the liquid product is a 
stainless steel rod electrode. In operation, the unit is ac- 
curate to 1/1000 of an inch—regardless of the speed of 
change in the level of the product. Neither pressure, nor 
freezing or boiling temperatures affect the action, 


Tilustration shows a two-level LacTron Control. By 
means of additional electrodes and corresponding electronic 
tubes, as many as five levels can be controlled. Special ac- 
cessories are available for fully automatic eontrol of pumps, 
motors and other moving equipment. 


Experience in scores of dairy products plants shows that 
LacTRon Control pays for itself in a short time by eliminat- 
ing loss from spillover. Write for Bulletin No. H-792., 


THE CREAMERY PACKAGE MFG. CO. 
1243 W. Washington Blvd., Chicago 7, Illinois 
Branches: Atlanta — Boston — Buffalo — Chicago — a 
New York — Omaha ~~ deiphia Oregon — 


Salt Lake City — San Francisco — 
Waterloo, Iowa 


CREAMERY PACKAGE MFG. CO. OF CANADA, LTD. 
267 King St., West, Toronto 2, Ont., Canada 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Detection of 
MOLDS and YEASTS 
in Dairy Products 


Bacto-Potato Dextrose Agar is 
recommended for determination of the mold and yeast count of butter. 
This product is also used extensively for isolation and cultivation of 
molds and yeasts in other dairy products. 


Bacto-Potato Dextrose Agar is prepared according to the formula 
specified in “Standard Methods for the Examination of Dairy 
Products” of the American Public Health Association. Medium 
prepared from the dehydrated product conforms in every way to the. 
standard medium. After sterilization the medium will have a reaction 
of pH 5.6 which may readily be adjusted to pH 3.5 by addition to sterile 
tartaric acid. 


Bacto-Malt Agar is also an excellent 
medium for detection of molds and yeasts in butter. This medium is 
widely used for determining the mold and yeast count of butter and 
other dairy products, and is particularly useful in revealing sources of 
contamination by these organisms. 


Bacto-Malt Agar is readily prepared and has a reaction of pH 5.5 after 
sterilization in the autoclave, This reaction may readily be adjusted 
to pH 3.5 by addition of lactic acid. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 


INCORPORATED 
DETROIT, MICHIGAN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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